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NGINEERING is the science of con- 

trolling the forces and of utilizing the 

materials of nature for the benefit of 
man, and the art of organizing and of 
directing human activities in connection 
therewith. 

As service to others is the expression of 
the highest motive to which men respond 
and as duty to contribute to the public 
welfare demands the best efforts men can 
put forth, now therefore, the engineering 
and allied technical societies of the United 
States of America, through the formation 
of The Federated American Engineering 
Societies, realize a long cherished ideal, — 
a comprehensive organization dedicated to 
the service of the community, state and 
nation. 
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Engineering Societies. 
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The Need of Research in the Industrial Field 
Che leading article of the month comes from Dean 

P. F. Walker, of the Sehool of Engineering, Uni- 
versity of Kansas. His subjeet is one of great im- 
portance at the present time, 
as it is no exaggeration to 
say that upon the economic 
status of our industries de 
pends the future welfare ot 
the entire country. Dean 
Walker has given consider 
able study to the problem 
of which he writes. He is 
chairman of the Research 
Committee of the Mid-Con 
tinent Section of The Amer 
ican Society ot Mechanical 





Engineers, and is also con 

DEAN TI. F. WaALKerR nected with Kansas state 

organizations —aetively en 

gaged in this highly important work. His paper thus 

reflects the conception of these matters as held by 

those intimately connected with their development, and 
it deserves careful and thoughtful consideration. 


Alloy Steels, Their Heat Treatment and Uses 
The current number contains two papers dealing 
with the important and interesting subject of the heat 
treatment of alloy steels. One comes from H. J 
French, metallurgical engineer at the Bureau of Stand 
ards, the other from A. H. Miller of the research de 
partment of the Midvale Steel and Ordnance Com- 
pany. Mr. French’s paper treats of the application 
of alloy steels, particularly those of the nickel- 
chromium variety. Mr. Miller’s paper deals with the 
heat treatment of the steels themselves. Both papers 
will repay careful reading. 


The St. Lawrence River Project 

A method of reducing the transportation congestion 
on the Atlantic Coast is advanced by Mr. Horace C. 
Gardner in this issue. The long-standing problem of 
relieving the railroad load during the season of ship- 
ping crops to the sea-board may be solved by develop- 
ing the St. Lawrence River. That this solution must 
have consideration is believed thoroughly by a econ- 
siderable number of business men in the Middle West. 
This paper will appeal to engineers who, as a body, 
are interested in the great question of the day, that 
of transportation. 


Alloyed Aluminum as an Engineering Material 
G. M. Rollason, of the Aluminum Casting Company, 
writes in this number of one of the most interesting 
materials known to engineers. Aluminium is a metal 
which is well adapted to a great variety of engineer- 
ing uses. Upon its discovery, however, it was pro- 
posed for every imaginable purpose, and because it 
failed to do all that was expected of it a distrust of 
the metal was created, which even now has not been 
lived down. Mr. Rollason traces the history of the 
uses of the metal and its alloys and makes some in- 
teresting prophecies as to their future application. 
He also discusses the methods now employed in its 
easting and working. 


The Training of Engineering Students in In- 


dustrial Management 

The University of Illinois has one of the largest 
and best-equipped series of shops for the instruction 
of its students in mechan 
ical engineering of any tech- 
nical school in the world. 
Standard commercial equip 
ment is used, and a regular 
line of machines 1s produced 
on a manufacturing § basis. 
The shops are under the 
direction of Bruee W. Bene 
dict, who believes that a 
chief funetion of the engi 
neer is to manage human 


enterprises. In this spirit 


pi __ 


he has developed In connec 
tion with the shop labora Bruce W. BENEDICT 
tories a unique and effeetive 

course in industrial management which he desermbes 
in this number. In view of the widespread interest 
i 


management problems and the training of men to 
undertake them successfully, this article is recom 


mended for its helpful suggestions 


Other Articles of the Month 


Dr. Paul G. Agnew, Secretary of the American En 
gineering Standards Committee, recently retum 
from a trip to England and the Continent. The cut 
rent issue contains an abstract of his report deserib 
ing the status of standardization in foreign countries 
A review of accomplishment in standardization work 
in this country is also given. 

The Federated American Engineering Societies is 
the greatest organization of its kind in the history of 
the world. Its constitution and by-laws will be found 
in full on pages 541-543. 

The main portion of the Survey of Engineering 
Progress in this issue is devoted to the problem ol 
Hydraulic Power machinery, its operation and «dé 
velopment. This Survey affords an opportunity fo1 
keeping in touch with the live issues in engineering. 


A.S.M.E. AFFAIRS 
In future issues of MECHANICAL 
ENGINEERING this space will contain 
brief notices of the current activities 
of The American Society of Mechani- 


cal Engineers. Complete details of all 


meetings, Committee activities, Coun- | 
cil decisions, ete., will be found in 
Section 2. | 
THE ANNUAL MEETING i 
December 7-10, 1920 | 

For Details See Section 2, Page 121 | 
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The Need of Research 


The Study of the Economies of Location 


By P. F. WALKER, 

The following paper is a discussion of the problems which await 
the research engineer in the field of industry. The author first out- 
lines the various studies which he considers of fundamental import- 
ance. He lays particular emphasis upon the study of the economics 
of the location of an industry, pointing out in this connection the 
unfortunate conditions which now exist in Kansas and the neighboring 
states solely because this problem is as yet unsolved. The solution 
of the problem, the author states, is distinctly an engineering one, 
and he accordingly next presents a discussion of the engineer's part 
in the field of industrial research. He also outlines the scope of the 
work which in his opinion should be undertaken. The concluding 
portion of the paper is an abstract of a report prepared by the Re- 
search Committee of the Mid-Continent Section of The American 
Society of Mechanical Engineers, of which the author is chairman. 
It deals with the status of industrial research in the Middle VW est and 
covers all phases of industry. It is divided into three groups: (1) the 
food group, (2) the fuel group, and (3) the miscellaneous group, the 
latter comprising such industries as mining, cement manufacture, 
metal manufacture, etc. The paper is a comprehensive summary of 
the status of industrial research in the Middle West and a concise 
statement of the great need for such research throughout the entire 


United States. 


NDUSTRIAL research is a term now coming 
lst Phe re ip pre aur to be a howe ver, about as Thal I ons 
uig assigned as there are persons using It, so 1t may 


aot hye out oft place to brietly discuss its several Wp! 


ing attention to the particular kind of work and study to be 
iscussed in detail. This is not for the purpose of unposing the 
riter’s personal definition on any one, but merely for the sake 
of clearness. 

Strictly speaking, all engineering research is industi So 
so is all research in either pure or applied science laboratories, 

the results are of a nature such that they can be given direct 
appheation in industrial operations or designing. One ot thie 
most apparent tendencies is to make a distinction between the 
aboratory of a publ institution and the laboratory of a mar 

icturing or other business firm, calling the work done in the 


latter industrial research. As a matter of fact the same kind of 


ork may be going on in both. The private firm, it is true, Is 
looking for results applicable to its own business, but the results 


e other mav also be applicable there. It is a distinction 


based on motive, and form of organization, rather than on kind 
ot research. 

Another distinction is sometimes made by placing the study and 
development work earried out with commercial equipment already 
in operation in the business, in a different category than similar 
work being done for the purpose of experimentation with equip- 
ment set up to simulate operating conditions. Both, presumably, 
are technical studies, and the only possible difference lies in the 
facilities which may be provided in the latter case for securing 
observations. Such a distinetion would have the effect of brand- 
ing industrial research as inferior in scientific’ character and 
perhaps superior in commercial value. This is obviously an im- 
proper sort of classification. 


M.1 
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in the Industrial Field 


The Scope of the Work and the Engineer’s Part Therein 
Industrial Research in the Middle West 


The Power Problem in the West 


LAWRENCE, KAN, 


istinction based on the character ot the wor! ade b 


A 
including in the term “industrial” the study and analysis oj 


organization and management problems, as distinguished trom 


technieal work based on physical science. This view is well repr 
sented in the interesting article by Mr. Hirshteld in the February 
1920 number of MECHANICAL ENGINEERING Industry is now 

that period of development where the most marked increases in 
the rate of production come from development of the works 
personnel, rather than trom refinements in mechanical equipment 
Many of these developments are far past the experimental stag: 
in some branches of industry, but work still remains to be done 


to show results in many others. 
THE Stupy OF THE Economics OF LOCATION 


But there is still another line of study that can be called in 
dustrial research, different in kind from work based on physical 
science. It has to do with the economies of location of industrial 
enterprises and with the possible development of natural re 


} 


sourees in any given locality. In order to make a clear statemen 
of the methods that may be tollowed in such work certair cent ral 
prineiples will first be given a brief discussion. In passing, it 
may be observed that the war called attention to the in portanes 
ot developing certain essential industries in this country, and 
this fact while somewhat aside trom the main line of thought. 
is OL prime significance. 

The distribution of goods is the greatest industry in the world 
In the United States it has become especially large in comparison 
to other activities, because of the great extent of country and the 
high per capita wealth which stimulates buying. The absence of 
a peasant class means that in every nook and corner of the land 
people are in the market for the highest classes of every line of 


commodities. This means that shipments of standard goods follow 


population groupings in approximately uniform quantity 

What this means is indicated by the following illustrations. I 
a simple everyday commodity like starch the state of Kansas 
ealls for the shipment of 2000 tons annually, the haul being 
mainly from Illinois and eastern Iowa, an average distance of 
perhaps 500 miles. This means one million ton-miles of tvaffi 
imposed on the railroads, although Kansas ships out many thou 
sands of tons of corn. 

A single small city in Kansas, Garden City, on the main line 
of the Santa Fe railroad, ships thousands of tons of alfalfa meal 
and dried sugar pulp for dairy feed to the southern states. The 
town does not have even a small dairy-products plant, hence it 
must in turn ship in its butter, notwithstanding the fact that it is 
in the midst of a cattle country. In varying degree this state- 
ment applies equally well to scores of towns in several states. 
The dairy-feed traffic probably amounts to several hundred mil 
lions of ton-miles annually, near half of which could be eliminated 
by a scientific distribution of manufacturing enterprises. 

A condition more vitally wrong exists in the handling of lead 
and zine ore. Forty per cent or more of the output of the United 
States comes from a small area near the corner junction of 
Oklahoma, Missouri, and Kansas, a few miles east of the oil and 
gas belt. The concentrated ore is first shipped to smelters in 
the gas field, a proper procedure because it saves transportation 
of fuel. But from here the greater part of the spelter in semi- 


487 
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erude form is shipped to New Jersey, and finally the finished 
metal, in sheet or other stock forms, is again shipped, some to 
the states of its origin, and much of it to states much hearer 
that origin than to the rolling mills of New Jersey. 
Many traflie might be 
An unavoidable freight producer is the group of standard food 


this trathe 1s 


other instances of unnecessary cited. 


products—meat, fruit, and cereals. The origin ot 
in the grain belt west of the Mississippi River, on the stock ranges 
of the West and Southwest, and in the fruit districts of the Pacitle 
that, 


rreater 


and Gulf states. Granted in the main, the movement Is 


always toward the markets, a saving will nevertheless 


result when the center of population moves further westward 
from its present location in Indiana and this will be accomplished 
as the trans-Mississippi states experience the industrial develop- 


ment which the full utilization of their resources makes reasonable. 


As a matter of fact, the agricultural states are facing a disturb 
ing situation which has a reflex effect on the country as a whole, 


threatening the food supply of the nation. These states are near a 


standstill in population, if not actually losing ground. Out of 


the 105 counties of Kansas, sixteen prevented the state from 


declining in population during the decade ending in 1915. ‘These 


sixteen are the ones having the Important manutacturing in- 


dustries and hence the largest cities. The agricultural counties 


lost in the aggregate. The same thing holds in Iowa, and doubt 


} 


less in other states for the same period. This means an un 


developing home market. It means further the absence ot those 


large masses of labor usually found in industrial centers and so 


during wheat harvest. The seriousness of thus lack ot 


hecessar\ 
the agricultural load is not realized by peopl 
1919 the 


labor at the pe ak ot 


far removed from the grain states. In farmers in 


western Kansas counties were paying eight and even ten dollars 


per day, and usually for incompetent labor, and even at that wer 


1 ] 


short-handed. Tl t 


Is condition so Increased the cost of producto 


that in many cases in spite of the high price of wheat net incomes 


were almost wiped out. The result has been that the farmers ar 


e to an amount that they ean handle with thei 
This is 


Many a farmer is also without funds to pay 


reducing the acreag 


own labor plus the neighborhood exchanges. menacing 


t} 
t 


tood supply. 
lis 1919 bills, 


the wheat. 


because the railroa have not been able to move 


The writer has talked with farmers in several of thi 
largest wheat counties of Kansas, and knows that these statement 
are in aceord with the facts. 

Some one has said transportation 1s the neck ot the bottle that 
limits the capacity of the country to produce. But while waiting 
for the 


dustrialists bestir themselves in an effort to cheek the ever-growing 


railroads to recoup themselves, why should not in 


load of freight by a more systematic plan of production? When 
viewed from the standpoint of a national industrial system in 
dustry has grown in a haphazard fashion as to location. Business 
instinct has been logical and true within the recognized sphere ot 
determining factors, and master minds have built up our success 
factor has been 


ful enterprises. But the controlling 


production, based on the assumption that transportation facilities 


eost ot 


would be adequate to bring the materials and carry the goods to 


market, irrespective of distance. Sometime a limiting condition 


will be set on this assumption, and it may be that the time is 
nearer than has been supposed. It is not too soon to begin to ¢o1 
sider a national industrial policy, based on economy of combined 
production and distribution, in which the associated problems of 
food and fuel supplies will be given their due consideration. 
INDUSTRIAL RESEARCH 


THE ENGINEER’S Part IN 


The basie principles on which such a codrdinate system must 
be established 
problem that is involved, in which the economies of transporta- 
tion and production are in the foreground. It 
of the engineering profession to recognize the need and to pro 
ceed with the study and analysis of the vital facts. Too often 
engineers hesitate to enter upon projects wherein financial and 
economic situations are the first to be met, even when the forces 
most directly influencing those situations are technical and such 


are scientific in character. It is an engineering 


is the business 
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that the man with engineering experience can most readily pass 


judgment upon them. Production and transportation, taken sep 


arately, are matters subject to scientific analysis, with which 


engineers have long dealt. In combination they are no less sus 


ceptible to such study and the need tor a scientitic 


system Ss 
becoming more and more evident. 


The investigations in which the writer is now engaged form 


but a slight part of the complete survey and study indicated by 


the preceding statements. An attempt 1s being made to analyz 


the industrial possibilities of the state of Kansas. It is being 
ot the governor's otliee, and 


Whenever 


administrative 


done with the 
of the 


should 


cooperative support 
industry 
the authority of 


state department of and labor. 


become necessary thos 


agencies may be imvoked to open the doors Lo Lormation re 


specting individual enterprises, but diplomacy has been unitorml) 
that 1s 


Kngineering Society, ot 


successful in securing all needed. Another cooperating 


agency is the MKansas whose standing 


committee on manutacturing industries the writer is vhairman. 


Also the writer's position as head of the research committee ot 
the Mid-Continent Seetion of The Mechar 
ical Engineers is of contributory value, particularly as regards 


American society of 


the petroleum industry. Likewise the fact of his being head of 
the engineering branch of the state university fixes his status as 


a state official in such matters 


practically that ot 
of a somewhat personal nature are mentioned merely to show 
means at command for making a consistent statistical study ot 


existing conditions. 


The work under way nat 
1 A survey of operat ne conditi 
2 A study ot 


3 A study of the vital ee 


industrial needs of the state 
miormnle Pactors l! > 
facturing as Kansas resourees and condit 


to consid -. 


Along with these branches of individual effort eert 
of edueational campaign has been eonducted The means 
this has been an association with the chambers ot commerce of 
the cilles, by speaking betore catherines, conterence with co! 


mittees, and providing secretaries with statements of facts as 


to individual industries 


This is akin to promotior 


a matter of f: some real 


promoting 1s being 





present time. This is special, however, and essentially a private 
enterprise. 

In the survey of existing enterprises the usual routine of the 
census enumerator is amplified. Volume of business, eapit 


quantity or value of raw material, employees and payroll, a1 
power, are interesting and valuable items, but in this study thi 
following facts are more to the point: 


lL Markets and market 


ng methods. The section ot ountrv serve 


the nature of the demand tor the produc . relat 
other industries, and trend of development are points of 
formation sought 

2 Sourees of raw material. Actual original soures 


freight rates or other cost of delivery to the plant 

3 Transportation facilities, for both raw and finished stock 
4 Details of power and fuel supply, cost, ete. 

9 Labor conditions. (Juestions ot supply and quality of bye 
aptitude of residents of the community for specifie kinds 


emplovme nt 


of work: also the loeal situation as to balance 
opportunities for men and women 

} Reasons why the enterprise was located as it was. Sometimes 
this reveals only some personal preference, but often ther 
is a well-considered reason 

7 Business and soeial conditions of the town and community. 
braneh of the 
presents several distinct features. 


the problems are different. 


industrial needs of the 
For different 
Many think of the state of Kansas 


as one great wheat field with a few cattle ranges interspersed. 


The second work—the 


state 


regions 


As a matter of fact there is a wide diversity of natural products. 
In the southeastern counties are the mining interests in coal, lead, 
and zine. 


Just west of that and extending half way across the 
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state is the petroleum district. North of the western end of the 
oil belt in central Kansas are large deposits of a good grade of 
salt. In several counties, some northeast and some south of the 
salt deposits, there are large quantities of workable gypsum. In 
many sections the clays and shales are furnishing materials for 
cement, brick, tile, and other ceramie products. Corn, as well as 
wheat, is grown in all excepting the far-western counties, but 
almost nothing is done now in the manufacture of corn products 


Sorghum cane and its products hold important possibilities, but 


lightly touched upon as vet The dairy-products business holds 
most promising possibilities and is destined to become an in 
portant lactor soo Large portions ol the “Memimnely ay western 
‘ iti } e abundant eround water with mu pir isianet 
of the surtace Irrigation has beer practiced ear | ol 
! 0 iil beets and allaita, and 1 ha | ) 
pected troy further developments (ar ng ‘ ‘ 
) ine l i! ind } 
‘ These and s ra C1] oO 
0 1 7 he nee 
’ ‘ yroen ra 
! ty ! ‘ ! ‘ 
ries p 
! iper lTabriu ii! ‘ ] ‘ eve 
‘ ! ( sive developme \ 
\ ite a n he sh Dp n bh 
en re 4 ‘ weesstu ' , 
’ ne oft i ext illo ‘ 
a ‘ es ot this of ! er! 
rd} s the lomical one o ! 
I wturing to r ‘ 
ons \ ivel 0 
( rhe on ? ‘ 
‘ reel thre 
| ; ' 
, ere ot 
| ( It 
has a 
) \ 
, 
I The i T i 
I ‘) t 
‘ 
production, markets, economy, 
ribution of population, and maximur 
re ! power of the cou Wi 
the exploitation of natural resourees, but the en: 
lo become a true industrial nation 1 ns the 
Sele methods to the broader problems 
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\s a definite example of this form of service to the state the 
desires to present, as the econeluding portion oO Ss paper, 
mstract of a report prepared by the Research Committee o 
the Mid-Continent Seetion of The American Society of Mechar 
Kneineers This report Was hased | pon that socr : Celio! 


¢ for intormation regarding industrial scientific investiga 


the Mid-Continent section territory: a (dn such topies 


iv be so well worked out as to warrant a nal statement ot 


results; (b) On problems now in process ol solution or develop- 


rheant 


A further point was the formulating of information as 
to taeilities available for carrying on research work in the several 
industries and edueational institutions in the same territory. Still 
another was to take such steps as might be possible toward the 
ecuring of funds to be applied in the support of investigations 
having as their object the improvement and development of the 
varied industrial interests of that section of the country. 


[In compliance with this request the committee has applied itself 
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to the carrying out of the program, particularly as to the gather 
ing of data pertaining to investigational and development work 
now in progress. Circumstances have required, however, that 
the writer who is chairman of this committee should formulate 
the report without conferring with other members on matters 
other than the general intent and scope of the work to be under 
taken. Opinions expressed herein are therefore largely his per 
sonal ones, for which he assumes responsibility In general 1 


‘ } } ' A y x T 
ruides i is work is to 


is to be understood that the ideal that _y 
promote the best interests of the people of this large Mid-Conti 


nent area, which in turn touch the interests of (he entire country 


a most vital manner. Engineering 1s a protession of ser rr 
It is wiven to « rineers to bring the eneroes existing In nature 
» the ise and convenience ot 1 , and ( neerT ‘ 
! ‘ ' 
vio 1a hie re ! need 0 ) ? 
om ty erTn t « rhe | | , ‘ per 
} } 
‘ fl ecort } ad 
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rest work among t rie 
0 | it Kil having to do w Co rie ‘ 
their es iblishi nt This sa er! oO i 1) 
s capable « producing muenh 1 re Phe 
mly a traction of what intensive me ould p ble 
this being striking true of the western portio of Kk 
Oklahoma lo brine about the change there det 
elopment in the field of engineering 

The great need of the section of count reterred 1 oO! 
power. Irrigation is necessary to make sure the crops, a tl 
would be provided from the unfailing sheet of grow ter 
cheap power were obtainable lor p mping n some en ‘ = the 
start has been made, but the mounting cost of fuel « iking 
eontinuanee ditticult and uneertair 

THe Fuet Gro 
On the coal-mining branch comment has already bee ide 


with respect to possible development ota coking al d by products 


industry In mining itself the problems are largely with respect 


to labor and social conditions. Investigations are con emplated 
by the mining staff of the University of Kansas on such questions 
as the percentage of extraction being secured under the mining 
systems now in vogue, and on economic advantages arising from 
electric underground haulage. It is understood that similar 
studies are under way in Oklahoma. Engineering problems aré 


much more serious in the Arkansas coal fields than in either 
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Oklahoma. but no information has been secured as to 


that field. 
The pe troleum industrv oceupies the center of the stage in this 


IXansas O1 
speelalized work in 
a major share ot atten- 
little 


one time in the 


territory, and necessarily comes in tor 
that 


work carried on in the oil field. At 


tion It has often been said there 1s ver scientific 


storv of the industry. undoubtedly this was true. Conditions 
now are very different. however, and while there are still found 


hose rezions where in the flush of new development the methods 


employed are wasteful in the extreme and based largely upon 


umb and traditions handed down through the old rough 


rules of tl 


nl al ready tvpe ot oil men, there 1s al the Same time being applied 


in the representative districts where well-organized companies 


control, a degree ot talent and skill not to 
be surpassed in 


are in engineering 


any industry of the country. Margins are not 


what they onee were, and. in spite ot the apparently high rates 


of return, the safety of the excessively great investments in what 


may in many instances prove to be short-lived enterprises demand 


a close and accurate study of those conditions which lead to 
economy. ‘To the same end there has been necessary a larg: 
amount of study and research in the development of processes 


and of specialized equipment that have made possible the etfeetive 


udling of an elusive substance upon a basis profitable for the 


estor and adequate for the market. The uninitiated would bi 


riven to 


surprised on discovering the amount of attention being e¢ 


tifie problems which have a direct bearing upon the 


these Sele! 
commerelal issues ot business. 
It is necessary to appreciate the demand which is being placed 


Chis 


pubhie press 1s emploved 


‘ 


at this time upon the producers of high-grade liquid fuels. 
demand is increasing rapidly and the 


frequently by those who would express their convictions that a 


crisis is being approached when supply will no longer be sufficient 
demand, 


to meet It is said by many that the peak of oil pro 


duction has been reached. It is not in the province of this com 


mittee in its report to express opinions on this point, but it is 
not out of place to remark that the apparent limitations to 


duction in the 


pro 
lexas fields need not occasion as much alarm as it 
seemingly has in some quarters. There is evident a renewed in 
terest in pushing forward new developments in older fields of 
Oklahoma and Kansas, particularly in the way of reaching sands 
considerably deeper than those which have been producing for 
many years. Results obtained are highly gratifying and there 
is ample evidence of the existence of a great storehouse of petro 
This is of 


particular significance in the present connection because it gives 


leum that as vet has been drawn upon but lightly. 


assurance of the continuance of the industry over a period of 
years during which there may be put into effect the many ad- 
vaneed methods now being perfected in both the producing and 
treating of oil. It is this which gives special significance to the 
scientific work that is being carried on. 

Our topie divides into two parts, representing the major fields 
of activity. These are, first, the production of oil, and second, 
the handling and refining of the oil when once it has been brought 
to the surface. 

Production Problems. It is of first importance that there 
should be drawn from the producing sand the largest possible 
percentage of the oil contained therein. How it may be increased 
is one of the greatest objects of study, and many suggestions have 
been made covering a wide range as to feasibility of methods. 
Perhaps the most extreme suggestion is that some day we shall 
be mining the oil sand, bringing it to the surface for the applica- 
tion of extractive processes more frequently associated with the 
handling of oil shale. To the practical oil man, however, the first 
step is the perfecting of producing methods. With lessened cost 
of production, wells can be operated down to a correspondingly 
lower output and the sand more completely drained. With less- 
ened cost of drilling, wells may be more numerous and contribute 
to the same end. With this in view reasearch activities have been 
directed toward the following: 

1 The development of more efficient types of deep-well pumps 
2 The development of more efficient types of power-generating 
equipment as applied at the well 
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application of new forms of pewer equipment, notably 


the introduction ot electric power lor deep-w ll and surtaee 


pumping and also drilling 


} The recovery ot oil from the troublesome \ er-O Cl on 
so commo! ly met with in most produ 

5 The pertection of methods tor extracting the soline other 
wise carried to waste in vapor with natural gas, common! 


designated as plants for manufacture of casing-head gasé 


line 

8) The probler ot wate supply, Trequent ‘ rieu aL ! 
quantity and quality of the water are t eto 

7 The development ot aceurate metering «de te or both onl 
al d vis. 

A creat amount of time, talent, and capital has been expended 
ipon each of © problems, upon any one of hich a cor 
paper might well be written. To the writer the most interestn 
and seemingly the most striking of these are the application ot 
electric motors in the field, the perfection of dehydrating p 
for the recovery of oil trom emulsion, and the casing-head 
line plants. 

The accomplishment of the first of these thre 
a supply of electrical power. This eonditio t 
admirable manner in the El Dorado field in Butler County, Ix 
sas, where a high-voltage power line leads direct ! thre 
of the Kansas Gas and Electrie Company ot Wi a to: iby 
station maintained by the Empire Gas and Fuel ¢ 
this substation current is distributed to the entire fiels \ 
amount of specialized cesign Was hecessal orde 
mae} ner adapted to the serviee, but this | ee! cco ’ en 
in a most creditable manner. It should be obse1 
that continuity In operation is a most impo! ! | 
serving the productivity of an oil well. 

No one probl m has called for more caretul stud thal ‘ Lhe 
design of dehydrating plants for the recovery of oil trot 
“10n. Probably the most effective svste m has not vet been evolved 
The one in most common use involves the centritug PMLCL pe 
wherein the last step in extraction is brought about through 
centrifugal tforee. Efficiency of this svstem s such that ike 
than one per cent of water remains. One proce vhich has bee 
demonstrated to be suecesstul involves the principle of passing 
the water-and-oil mixture through a strong magnetie field, b 
ing the oil film and permitting the water to separate at once b 
gravity. Developments in this line are rapid, so that one es 


much discarded equipment which has become obsolete in the 
ence ol improvements. 

In the field of production of casing-head gasoline there is active 
the two systems 


discussion as to the relative merits of 


See TnSs 


as the compression and the absorption mie thods Kk xperienes 


to indicate that each one has its field of application \pparent 


the gas less rich in condensable vapor is handled nore effectively 
by the absorption method. 

To further illustrate the investigational work which the success- 
ful operation of an oil property makes necessary, the following 


These 


tasks have been accomplished through detailing to the work regu 


researches accomplished by one company are mentioned. 


lar members of the operating staff of a single department. 
! 
1 The conducting of an extensive series of tests for volumetrie 


efficiency of compressors drawing gas from wells under 


widely varying pressures. This was especially well done 


when considered as an isolated piece of work, and made 
possible the proportioning of equipment to demand on a 
scientific basis 

2 The earrying out of extended tests on total gasoline content 
of gases before and after the application of the casing-head 
vasoline process 

3 The determination of shrinkage of volume of gas while being 
thus treated by the compression method 

4 The determination of evaporation losses from blends of casing- 
head gasoline with heavier oils when handled at different 
temperatures. 

Handling and Refining Problems. In the transportation of oil 


by pipe line much analytical work has been done which cannot be 
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reported upon in detaal. Records 


of this work are in the files 
ot the larger companies, and all that ean be said that engineer 
ng talent of a high order is being employe« n maintaiming 
erviee 
Problems tha ire ob ously Cally or so ! ! ! r elop 
ne! ot equipt ! ure those relating Lo the deter mm OL @one- 
i for the flow of heavy oils in pipes, and the dey opment o 
more efficient pumpn machiner Hlere agair question « 
power supply enters as a factor With tl ( ention the 
The problems ot refinery at ( Mat 
‘ thy come \ the ra eo ‘ Qn } 
eracking of o to increase tl oO é 
! CeO? ) hen ‘ ed ? ? 
With the larger refining compan ! 
eonti illv d ssc nd tor whi ! 7 
not heen fay 
0 ! ! ‘ 
I ot ¢o ‘ ( ( 
' I i ’ 
rs ‘ { ‘ ; 
| a a ; , , nsion aft 
) 1! ‘ ‘ 
ent oil burner: 
t 1) ‘ | T } ‘ } 
rie ~ " 
M enenens -_ r the tre 
s e deve of synthetic proc ( 
perlumer ‘ 
Progress in re ethode is 
ir importanes Developments whiel 
I ( I nave vreatly inereased the pre l rnter 
‘ re lab els without wl ! 
) rite more eT cu cond (ol | ‘ M4 
r are working together to improve evxis te 
new ones, and he end 18 ho ( \ f ul 
ed problems mentioned are subjects of 
l tluable data will be forthcoming 
“HI MISCELI ANEOUS GROUP 
The lead- and zine-mining industr Ss on 01 
wetivitie the Mid-Continent territo1 What eded 
0 Ss a stab ition of the demand for zine plat etal 
adaptable to manv uses outside of the galvar ! llo 
isiness, and some pioneer work along this line pro 
wtive of result Some ot the same condit I ( 
emer manutacturing industry. This is a line of b mw 
er, tor which an active organization directs the ecessary ad 
ertising and maintenance of market conditions 
Only one line of research is mentioned. name Iv, a close idy 
ind analysis of power distribution and costs, whieh has en ll 


* I 


progress Tor some time at the plant of the Lehigh Portland C 


That work was interrupted by the 
var, but will be renewed during the next vear. 

Metal manufacturing in the territory has been added to 
nstallation of several new plants which are engaged 


t} 


ent Company 


at lola, Kan. 


1e ol-well supply business. One thing greatly needed is 


of supply of a good grade of metallurgical coke. Important in 
vestigations on possibilities of coking the mid-western coals ar 
inder way in Illinois and Kansas, and it is hoped that some help 
will be afforded the foundrymen in the not far distant future. 


THe Power ProsteM IN THE WES'1 
In preceding sections reterence has been made to the 


need of 
‘heap power for several important industries. This is 


. a matter 
that is holding back industrial development in a large area. Coal 
in the region west of a north-and south line not far from Tulsa 


is searce and high in price. Under ordinary conditions oil is too 
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valuable a fuel for use under steam boilers, and avallabili 
for internal-combustion engine hecominge limited while 
| h price is having a marked effect « ( reneration 
power in small unit Present ; red market e the prom 
ing of an extended syste of interlo ! pla 
marke wzardo 
Con 1ons ( ) ) ‘ nte 
prise tha ere ches nh « aD e} ‘ 
I 1) ell ele bou 4 ‘ ‘ 
he ne é ) ) ree } 
a? ' ~ ‘ 
‘ meer nrote oO ‘ ’ 
provide the solutio rt 01 RB ; 
Ti ‘ omp ned Ve el ye é 
4 rie 4) ' i 
' irr’ if TT i? | eu ) i I ’ 
Oklahoma ‘ ( , 
CONSETT ' my y? ’ j 
i T rhe I nrer nee ( rie Oo 
if ‘ \ ES > | 
| ( ( ire I {) 
and Gas Expet ‘ ) S 
Mins ed > ‘ i he 
Dephle ( re 
\r ‘ ( ! 
| 
Evapor es fi 
The re ! ro ( . ' 
‘ ! T 
| s also take ) e ques ) fe 
it water imp ‘ ( r cts 
Chere are three state u : Tia 
liture and mecha rts wit! ne ! s of ‘ ‘ Tt 
seareh Tae é ‘ st at all « ese stit ms ‘ 
( hem active steps are n¢ 
ons of dire nterest to tl etroleur ! Mi on ha 
been made of work In progress at the nivers ‘ Ix ly 
aad ! produeti study s been made aduy ‘ Pn) { 
n t the treatment of oil shale. Plans a1 finitely 
made tor tak ip u he fa two o e prob ntioned it 
he re ne section namely, the ¢o rough 
etal e with oil as one of the me , ne ; 
itent heats o Y aporatio. ol nls of vat r oy At the 
Oklahoma institutions pre parations are being 1 ‘ or an ex- 
tended study of chemical problems 
But the significant element it researe this territo? is the 
part taken by the organized staffs of th irge) companies 
All have engineers and chemists whose time is given in consider 


able part to new problems, and if all that is being aecon | lished 


this way could be brought to light the extent of the work would 
be a matter of much surprise. In this organized work the Empire 
Gas and Fuel Company holds a conspicuous place with its full 
fledged department ot engineering researe! An rdependent 
agency like this committee can gain access to the results of such 


activities, and by adopting a conservative policy as te publication 


such as will retain it in good standing with th which 


companies 
he publi 
it has learned through the expenditure of much effort and morey, 
it can accomplish much for the good of the profession of engineer 


ing and of the industry. 


cannot be expected to throw everything open to t whic 


The time is ripe for bringing to bear upon 
industry the best and united efforts of all technical and seientifie 
men. Quoting from a recent publication of the Bureau of Mines: 
“The time has arrived when, with erude oil higher than it has 
been for 50 years, inefficiency in the production and manufacture 
of petroleum should not be ecountenaneced. Petroleum 
products should be reserved for those uses for whic] 


IS important 


and its 


; 


1] 


is pecul 
larly adapted and for which there are no substitutes.’ 








The Training of Engineering Students in Industrial 
Management 


By BRUCE W. BENEDICT? URBANA, ILL. 


The author of the following paper presents the details of a pioneer 
experiment in the method of teaching industrial management to 
engineering students. The field of engineering is broad in its scope 
and purpose and there is a constant call for men trained to perform 
a multitude of diversified tasks. The technical schools, however, can- 
not attempt to train men for special tasks, but the presentation of 
the fundamentals of engineering must nevertheless be governed by 
the needs of present engineering practice rather than by traditional 
academic considerations. With this thought in mind the University 
of Illinois has organized its school shops upon a commercial basis, 
the details of the system employed and the manner of conducting the 
work being described by the author. The plan is an exceedingly 
simple one and is based upon a recognition of the fact that the 
engineer is primarily a manager of human enterprises rather than a 
technician making plans for others to execute. The paper is not 
intended to present the specifications for a complete course in indus- 
trial management designed to develop executives and managers from 
untrained men within the course of a few weeks, but it does outline 
an experiment in the development of engineering leadership which u 


is hoped will be fully realized. 


K we accept the proposition that “ the ultimate aim of eng 


neering is reduction in cost of the elements of living roug 


the de elopment of improved facilities 


for changing raw 


rials into usable products,” we have a detinite guide tor the 

Ing ot engineers, and the prospective engineer has an equal ile 
nite ideal to direct him in preparing for and earrying on lis 
work. It is not certain that technical schools generally have beet 
guided by ideals which embrace the broad tunction of engineering 


as just defined, nor is it clear that the engineering profession as 


a whole is, or has been, inspired by adequate conceptions of its 
task. Engineers to a ereat extent have narrowed their field of 


activity to design and construction. Their genius has been directe: 
toward the building of engineering works, but with the completion 
of the physical strueture they have taken themselves off to similar 
tasks elsewhere, leaving operation to other hands. Operation is 
a prime function of engineering. It is the final link in the evel 
which makes engineering work of value to man, and engineers 
must, if they see their task in its true perspective, assume the 
responsibility not only of creating improved production facilities 
but also of operating them. 

The limited conception ol the field of engineering held by 
engineers in general is due in no small part to the influence of th 
technical school. No one questions the high sense of duty and 
the devotion of engineering edueators, but because of the limita 
tions imposed by inadequate financial resources, the absence of the 
human faetor in laboratory and classroom exercises and the «di 
tachment of college environment from affairs of the world, the 
technical school has been unable to construct a eurrieulum that 
reflects the larger ideals of engineering as expressed in the open 
ing paragraph. Lacking a real engineering setting and having no 
direct need for consideration of those economic and human factors 
which enter so largely into the practice of engineering, the 
technical school has to a large degree ignored them in its treat- 
ment of engineering subjects. Gradually the curriculum has 
been developed around the idea that proficiency in the solution of 
mathematical and scientific problems constitutes the proper 
initial training for engineering work. Unquestionably the 
preparation for theoretical and material problems of the engineer- 
ing profession has taken precedence over the larger task of de- 
veloping the fundamental qualities of leadership not only from 
the reasons mentioned above but also from the belief that knowl- 


*Manager of Shop Laboratories, University of Illinois 

Abstract of a paper presented at the Indianapolis Mid-West Sections 
Meeting of THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS Oct. 24 
and 25, 1919, is 


edge of practical affairs is to be acquired in practice after gradua- 
tion. Allowing for the fact that experienced teachers can and 
do mold the most rigid curriculum into practical and inspiring 
forms, we eannot avoid the conclusion that the conventional 
scheme of technical training, as organized and applied, tends to 
produce technical advisors rather than engineering leaders 
Industry absorbs the bulk of engineering talent and young 


en entering this eld of endeavor must he prepared tor exceed- 


ingly complieated tasks, involving, in addition to mathematies 
una selence, a thorough knowledge ot economics, ot production 
and of men. Technical courses taught on the basis ot pure theory 
vithout reference to the latter actors certainly do not meet the 
need ot a larg majyorit 0 voung eng eers lor co! Ss ¢ol 
lTronting them at this time 

Without lowering in anv degree the pressure on tundamental 
theorv, instruetion must emphasize the portance ot the tactors 
( time COs produetior salety ind oO the human element 
| Cl rhe Wieiamel us I ematie ihe SCLETIC I is ) yen 
ew le mv te hers who le ’ i ( subrvects as to ) he 
( nee! nist ( i wadenile eXereises rv trai he mind 

| s | 

ihe hela of ¢ neern IS brome ‘ d purpose It « S 

ran inereasing torce ot ti ed met perform al t e of 
rsined services Notw star ippeals tor ( with 

rarticuial rami e Tee eal sehool ca i mp he 
preparation of engineers tor special tasks It must see to 
promote knowledge ot engineering fundamentals to the exclusio 

technical sl required i! special ed branches of e1 rineering 
ind O maustry But the presenta m Of tundamental 1 ter 
hould be governed, as previously suggested, b the needs ol 
present engineering practl rather than by traditional academie 
considerations. It goes without saving that all will not agree 

is proposal to liberalize present curriculums he reasons 
formerly considered as fundamental are in opposition to the 
leWws expressed, but it 1s questionable whether the ar ments 


conditions, 

We may consider the engineer as a technician or as an operator; 
we may carefully define his ideals and his tasks; we may prepare 
im tor a certain type of service, but the composite result will 
he navght if our subject cannot produce and produce cheaply 
Now the engineer is preéminently a producer, a producer of 
something useful to man, and it is obvious that his iraining must 
be organized to fit him for this task The technical school is 
responsible tor what is roughly the second training period, and 
if it fails to contribute its full share to the effective preparation 
of the engineer tor the services demanded ol him, we may expeet 
he pressure of need eventually will foree an adjustment in 
methods of training. To this, the ultraconservative wil] not 
agree, since to him it is a mistake to change the existing order. 
But educators are beginning to see more clearly that methods of 
training to be effective must respond to the developments in 
engineering practice, and also that a change in method necessarils 
does not effect a correct application of basie principles. In 
recent years technical education has undergone a number of strik 
ing modifications, which indicates a growing effort on the part 
of the technical school to keep pace with developments in 
engineering practice. Among these we note: Direct coopera 
tion of technical schools and industry in administering joint 
courses of instruction; establishment of specialized courses in 
technical schools for employees of engineering and industrial 
concerns; organization of post-graduate courses with highly 
technical aims by industrial concerns with the assistance of the 
technical school; establishment of new colleges of industrial 
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perience with processes oft productiot To provide 


carrying out the latter part of this program, in th 


shop laboratories were organized on the lines of a commer 
plant tor manufacturing gas engines. The plant cor 
departments: pattern, oundry, lorge, mia ne, «ane SSC] 


Kael department, except the latter, is in charge ot 


tendent vho is responsible 


com} e the departmental organizations (An as 
low ifter plant operatior Final authority o 
4 ! he othee ot manager who Ss respo! ') ( 
t] department ot meel wal engineering ‘ 
it serves as a shop committee ans wts i il i - 
Or ti ortant matter 
In the plant itself the most effective production metho 
the existing limitations are in use or being installed \ll s 


operations are standardized and covered by detailed instruc 
eards Jigs and 


ploy d. 


fixtures and 
Machine ry 


operating condition, and equipped with safety guards and 
vices, 


special tools are genera 


is effectively 


Modern tool stockrooms with stocks of standard tools 
supplies are maintained in each department. Approved met} 


grouped and maintained 
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The Materia Studies in construction and suitab purehas 
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\ssignments to these duties are made arbitrarily. but each student 


= Thoved perios il \ rel a Hist lo ime ! “i 6 nl auring 


( line eounrs¢ he verriorms 3: Tt the “taf Pree or mal the 
| am rut at ) 


required mechanical, or shop, operations. The schedule is ar 


ranged so t " the time 1s divides eq ially between the stalf and 


shopwork. Duty assignments are for 


periods ot two weeks or 
four weeks, depending upon the work to be covered, and they are 
alternated between the offiee and shop, according to expediency 
From the performance of the duties of 


produectior assistant, a 








194 MECHANICAL 


student, in the foundry, for instance, may be found during the 
following work period making molds of pistons on one of the 
molding machines, or vice versa. At the beginning of the term 
demonstrations of shop operations and of staff duties are given 
to all students, which are expected to prepare them for any 
subsequent work they may be called upon to do, with the aid of 
earefully prepared standard practice instructions. 

The staff group performs the executive and supervisory work 
of the plant, and the shop group serve as workmen at the bench, 
on machines, in the core room, at the hardening furnaces, or 
wherever their services are required. Job orders are issued by 
the staff group to the shop group, aceording to the requirements 
of the production schedule adopted at the beginning of the school 
term. There are four sections of students in each department 
operating independently on different periods of the week, whicl 
introduces considerable rivalry in the matter of output. Naturally 
those sections with the most effective staff work secure the great 
est production and the highest shop effier nev. 

There are seven distinet divisions in the staff work: production, 


safety, standard practice, materials, mechanical, experimental, 


and accounting. very student 1s expected to serve the allotted 
} 


time in each division, but only once throughout his entire shop 


course e mav obtain his training in produetion, for instanee. 
I alning 


l ‘ 


NSTRUCTIONAL | 
STAFF 


PRODUCTION SAFETY 
ASSISTANT ASS!STANT 


STANDARD PRACTICE 
ASSISTANT | 


MATERIALS 
ASSISTANT 


MECHANICAL | 
ASSISTANT 





PATTERN DEPT FOUNDRY DEPT. | 


: | | 


hig, 1 GeNerAL Layour or SHop-MANAGEMENT COURSES FOR 
She 


FORGE DEPT. MACHINE DEPT. | 





wing organization of student operating staff and the main features 
and administrative work; the main shop departments and 
important items of training in mechanical shop pra 
in the foundry, and in standard practice after entering the ma- 
chine department. He will perform, however, all of the staff 
functions before completing his shop course. 


THE WorRK OF THE STUDENTS 


The required work in each staff division is shown by the dia 
gram of Fig. 1, a study of which, it is believed, will substantiate 
the statement that the various items are fundamental in the train- 
ing of engineers for the practice of industrial management. In 
general, the student obtains from this part of the course a rather 
definite impression of routing and dispatching parts through the 
shop, standardizing work operations, rate setting, the custody ot 
materials and supplies, safeguarding dangerous equipment, up 
keep of machinery and tools, inspection of parts, cost keeping, 
as well as the supervision of men engaged in the production of 
work. 

For the conduct of staff functions, effective but simple systems 
embodying the use of shop records, forms and production facil- 
ities have been adopted in somewhat different detail by the various 
departments. Production boards are employed in this work, and 
the effect of graphical records such as this upon the more intelli- 
gent students is very marked. Those with inborn executive ability 
immediately display their special qualifications for organization 
and leadership by increasing output over less gifted predecessors. 
The records of this group of students are repeated in all depart- 
ments. There is no doubt about them; they are born to lead, 
and they do lead, although they may not measure up to the high- 
est academic standards in other courses. 
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EXPERIMENTAL | 


the most 


THE DEPARTMENTAL ORGANIZATION 


Departments are organized on similar lines and they administer 
instruction after a common plan, but the difference in character 
of their mechanical processes, and of the materials used, makes 
it possible and also advisable to vary departmental emphasis on 
certain features of the instruction. In the pattern department 
the subject of planning and work analysis is given special con 
sideration; in the foundry and machine departments production 
of parts is emphasized; and in the forge department experi 


mental work is given prominence. By this arrangement the more 


important factors of shop management are brought forcibly to 
the student’s attention. As the time allotted to the shop courses 
Is entirely Inadequate tor a thorough presentatlo ot the subjeet 
of industrial management, instruction is planned to throw the 
important elements into bold relief with the object of creating 
lasting impressions of them upon the mind of the student It 


follows that certain features of the work, which were formerly 


considered of some lmportanee, are given no more than passing 
attention, but this is immaterial if the larger principles of mat 
agement are etfectivels presented to, and thorougt! inderstood 


by, the group of future leaders 


Charts, diagrams, graphical records, and illustrations of all 
kinds are freely employed throughout the various stages of the 
Mist rue I | is ) I ea \ el 
strated 1a vets and impress 
more easily and accurately aequired 


ACCOUNTING | through the eve from illustrations t 
ASSISTANT ASSISTANT | . 
TESTI rEEPIN by any other method. In addition at 
} MATERIAL ITEMS | effective graphical representation ap 
MA NE | ‘ - peals to the imagination and stimulates 
the desire to work and to produee re 
sults. 
intanesaanesiipasell As the object of the course is t 
training of engineers in the principles 
ASSEMBLY DEPT. | ol management, the stall portion of thi 
instruction is strongly emphasized, but 
not to the exclusion ol Lie other 
portion relating to manual shop-worl 
The time devoted to each oft Lhies¢ 
phases of plant operation is divided 
eeeianeliacen equally. A general idea of the manual 
ENGINEERING STUDENTS : ‘ 


operations performed during the entire 


he training in executiv 
course will be gained by referring to thi 


diagram of Fig. 1. Briefly, this work 
includes patternmaking and preparing stock, molding, core mak 
ing, pouring metals, and finishing castings, forging, heat treating 
and ease carbonizing, machine-tool operation, assembling, finis! 
ing and testing. All of these operations are pe rformed on stand 
ard gas-engine parts. Operations are standardized as to method 
and time. Jigs and special tools are employed wherever they 
apply. Jobs are scheduled by a staff assistant according to the 
production program, so the student workman riust produce a 
given volume of work that will pass inspection if he obtains a 
passing grade in the course. <A record of actual time on eaeh 
operation is recorded by time clocks on job orcers. The ratio 
of this time to the standard time allowed by the instruction ecard 
gives the efficiency of production of individuals on separate jobs. 
No attempt is made to teach students the so-ealled fuedamental 
shop operations. Machine and tool operation is explained, and 
accurately prepared instructions for doing single jobs are issued, 
from which the student is expected to go ahead and produee. 
(renerally, it may be said, that the average student does this in 
satisfactory fashion. 

The above-mentioned plan is not perfect. Its faults, however, 
are superficial rather than fundamental. It is not intended to 
fulfill the specifications of a complete course in industrial man- 
agement, nor is it expected to possess the power of developing 


competent executives and managers from untrained men within 
the period of a few weeks; but as a pioneer experiment in tech- 
nical education it presents possibilities of usefulness in the de- 
velopment of engineering leadership which, it is hoped, will be 
fully realized. 
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Alloyed Aluminum as an Engineering Material 


By G. M. ROU! 

Upon its discovery aluminum was hailed as a panacea for all the 
ills of the metallurgist and its use was proposed for every imaginable 
But it 


failed to do all that was expected of it a general distrust was created 


pur pose from armor plate to chemical chambers. bec ause 


which has been very hard to live down. Recent developments, how- 
ever, especially those u hich took place during the war, are rapidly 
dispelling this idea. In his paper the author first treats of unalloyed 


light allovs. He the 


development of commercial alloys, presenting in connection therewith 


aluminum and its traces the improvement in 


photomicrographs of the allovs commonly used. He also dise usseS 
f the subject of the casting of aluminum as well as the methods em- 
¢ ploved in both the cold and hot rolling of the metal. The possible 
future uses of aluminum and its various alloys are also briefly con- 
sidered by the author, who ventures the opinion that perhaps it 


would not be too optimistic to say that while we have passed through 


the Stone Age and the Bronze Age, and are now living in the Iron 
fige, that the future holds in store for us an Aluminum Ace 
HE pl ( properties of aluminuw render it useful 
or cel ! appleations are S 
Spe i re riie and more particular! rie 0 ts OVS 
I re I ‘ seful tor stri f poses 
owt ! hiv understood ; the preser vel 
‘ ‘ r would seem to imp At t same 
Chine ! ! during the development ‘ 
\ | ~{ nunum under unsu ) ‘ W 
er, are} ! prevalent as they were ten vear ould 
I ‘ + tM eu ‘ } il The Poss bole ( 10 
limited by the specitic properties of the meta \ and 
have their true field just as clearly dieate by then 
properties and price as are the fields of copper at or 
! d its a 3 \ consideration of the fields o pp , 
inutactured aluminum has found it \ | iral 
and serentifie development will indicate 1 ( here 
hieation ( egitimate 
Kig. 1 shows be he annual production o | 
hye nited States trom 1895 to the begin \ 
vl ariel othe t number of motor vehicles p1 iri\ 
I a pel vl ‘ viuch the inerease of alun ! cho 
wer! el The world’s total in! il ro 
| i U prese me mav be estimate: in POO O00, 
teint) 1) ' 
During the war period development ot atreratt w inst 
ponsible for considerable inerease in the application of light 
vs. The parallel growth in the two production eurves con 
= the actual facets that a very large percentage of alu i 
roduction finds its way into automotive vehicles, which is by far 
vreatest field for engineering application of the metal. It is 
be expected, however, that development of aerial navigation 
the future will take a very large share of the increased light 
productior 
UNALLOYED ALUMINUM 
The characteristic and dominant prope rties of alm are 
course very well known, the most important being s low 
peeihe gravity. Next in importance come the relativel) igl 
onductivities, both thermal and electrieal. This is true not only 
{ the commercially pure metal, but of its light allovs, that is, 
ose containing aluminum as their principal ingredient Ir 


ese the properties of aluminum itself, such as specific gravity 
and conductivity, are dominant, but the mechanical properties 
can be very 


cr 


reatly improved by alloying. 

Aluminum Castings Co 

\bstract of a paper presented at a meeting of the Metropolitan Section 
PHE AMERICAN SOCIETY OF MECHANICAL ENGINEERS, February 10, 1920. 
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CLEVELAND, OHIO 


The engineering applications of the 


commercial 


the scope ol 


are fairly limited and somewhat beyond 
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line tanks, ete., where the lmproveme nt in prope rties due to wort 
ing is utilized for mechanical strength, rigidity, et The metal 
is rolled hot at about 400 dee. cent. from the ingots or slabs to a 
sheet 14 in. to %g in. thick and further reduction down to gag 
thickness is done by ecold-rolling Annealing of cold-worke« 
. - } } é 
aluminum, that is, reerystallization, will take place slowly a 


for practical 


In 


around 200 dee. cent but purposes the 


around 350 dee. cent. and higher. addition to the rolied sheet, 


stamped or pressed aluminum is used in the automobile industry 
for fenders, beading. hoods, ete... and has found some pplic ation 
in airplanes and dirigibles for parts subjected to light stresses 
There are, however, alloys of aluminum which are of mu 

greater importance and possibilities than the pure metal, in pai 


ticular duralumin, which will be referred to late 


Hard-drawn aluminum wire is used to some ext or trar 


mission of electrical power, particularly in Europe, and by virtue 


of the combination of high conduetivity and specifie gravity. The 
following is a comparison of copper and aluminum wire 
Copper Aluminum 
Specific conductivity......... Sh Gos dat ae Oh 100 61 
Cross sectional area for equal conductivity 100 164 
Weight for equal conductivity 100 50 


Tensile strength of hard-drawn wire . .60,000 28.000 


495 
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EGEEG: BOOGEES: cows kvakacaemek sais ite Ss.) y ae 
MBpeciic teNACItY... <<. ssrwcas G.740 10,400 


rhe last figure, specific tenacity, is an index of compariso! 


which has been used to some extent by English metallurgists. It 


simply amounts to expressing strength in terms of weight, and 


the figures quoted are the unit tensile strength divided by the 
specific gravity. The term was developed in order to provide a 
reasonable index of comparison for useful light alloys with more 


common materials. The commoner industrial metals, iron, cop 


per, zine and nickel, for instance, have so nearly the same specific 
gravity that their tensile strength can be compared section for 
section, but where the section can be enlarged for equal or better 


strength with saving in weight it is neeessarv to get down into 


aluminum 
wire tor copper has ot course been influenced by the 


more strictly comparative terms. The substitution of 


relative 
market prices of the two materials and has only been extensive 
during periods when the copper market was 


abnormally high. 
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TENSILE STRENGTH OF SAND-CAS1 


ALLOYS 


BINARY ALUMINUM 


With normal market conditions of the two metals, a 


price ol 15 
25 cents per pound 
substituted bulk 
for bulk the possibilities for the application of aluminum ar 


therefore 


eents per pound tor copper corresponds to 
for aluminum. In eases where aluminum can be 


very obvious. There are some other applications of 
the unalloyed metal; for instance, aluminum is worked hot by 
extrusion under hydraulie pressure, the temperature used for this 
being about 400 deg. cent. It is fabricated in this way into strue 
tural shapes, rods and tubes, and sections up to 6 in. in diameter 
have been made. Con 
tinuous tubing may also be made by this method. This tubing 


finds some application in pneumatic conveyors for department 


with wall thicknesses as small as ¥ in. 


store service, also in the chemical industry where, for resistane 
to certain types of corrosion, the commercially pure metal gives a 
very satisfactory performance. 


Ligut ALLoys or ALUMINUM 


The possibilities for engineering application of aluminum al 
loys are due to the fact that the lightness of aluminum can be 
combined in the alloys along with marked improvement of me- 
The term “ light 
is one which has been finding favor during the past few 


chanical properties such as tensile strength. 
alloys” 
years, particularly in connection with war work, and may be said 
to embrace those alloys having aluminum as their base and whose 
specific gravity ranges from 2.65 to 3.0. This division is purely 
arbitrary, but it is interesting to note that when there is enough 
heavy metal in the alloy to give a specific gravity higher than 3, 
the mechanical properties at the same time change to such an 
extent as to render the material unsuitable for many engineering 
purposes. The alloying of a metal lighter than aluminum, such 
as magnesium, will bring the gravity down below 2.65, but there 
are not many alloys in use where magnesium is alloyed in such an 
amount as to bring the gravity down without simultaneous ad- 
ditions of other heavier metals to produce a counteracting effect. 
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The outside limits tor aluminum alloys in commercial use are s 

on the light end by an alloy containing 5 per cent magnesium, 

with specific gravity of 2.47, and on the heavy end by ar 
I ; ; 


containing 33 per cent zine, with a specilie gravity of 3.3 


Commercial aluminum always contains iren and _= sili 
amounts ranging trom 0.25 per cent and upward according to the 
grade of ingot, and while there is a tendency to regard iron and 


silicon as impurities, nevertheless by their 


judicious control ey 


ean be made to act as useful alloying ingredients 


The commoner metals which are used to alloy with 


The re are 


allovs, most ot whi 


aiuiminuin 


are copper, zinc, magnesium, and nickel. many others 


which have heel aluminum hbase 


sed in 


iowever, lave hardly passed the e perimental stage Among these 


may be mentioned chromium, molybdenum, tungsten and vanad 


ium. In general the effeet of progressive additions of the 


metals to aluminum is to render the base metal cor 


harder, stronger, and less ductile. It should be explained tha 





“ ductile” does not reter here to the property o being easil 
drawn into wire, but merely to the measured percentage elong 
tion, that is, the amount of possible detormation w 
Three types of aluminum alloys are manutac 
neering purposes, namely, 
lL Castine 
2 Cold-worl uy 
})6 Forging or hot-working 
| s estimated that a half of the world’s produ 
lm goes Into cast irs t} it is, 1f IS used n the ; OVed 
since a large part of the unalloved aluminum is put to 1 
aneous and non-engineering uses, the majority of engineering 
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uses and mechanical applications must consist of castings. he 
casting alloys will therefore be considered first 
DEVELOPMENT OF PROPERTIES BY ALLOYIN 


Figs. 2 and 3 show the variation in tensile strength and ductilit 


of aluminum, east under carefully controlled 


eonaditions, pro 


duced by progressive additions of copper, zine, nickel, und iron as 


alloying ingredients. Copper gives increased strength and de- 


creased ductility up to about 11 per cent, at which point the 


alloys become quite brittle. The effect of zine is less marked than 
that of copper in amounts up to 8 per cent especially as regards 
ductility; above 8 per cent the zine alloys continue to become 
stronger and less ductile after the effects of copper have prac 
tically This 


copper and zine alloys is due to difference in structure. 


behav wr oft 
(See later 


Lron vives usetul 


reached their maximum. difference in 
paragraphs under the heading Metallography. ) 
strengthening properties in amounts up to 2 per cent, but above 
that the effects are doubtful owing to rapid rise of the melting 
This effeet of iron, unlike 
that of the other metals, is additive, that is, it can be superim- 
posed on that of the other metals. 


mediate between copper and iron. 


point and other disturbing conditions. 


Nickel in behavior is inter- 
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hen used judiciously Of all 1 has per ) o or ibout 1 er eC elonga | , ol 
) re elles on tl properties of aluminum wil dj more duetile ane ould show Ol re 
u probably owing to presence of silico a e brittle eute twork prev 
dl hardener | especia co ontent Zine. as O | 5 ) ' d the 
( é ot he solid solutior Col ! 4) ( ( ) | 
) V.l per cent W rye rene 0 I ippearance ¢ i separate « I ly t] 
| r ane a : lloy is quite s ar to pure sluminen Peay a eee ee 
W het ) 12 per cent of copper or 15 per « ' is to make the ervs solid se ro} no 
¥, 
Ric. 4 Tyrtcat S Per Cent My Typical 15 Per Cent hic. 6 ALUMINUM ALLOY 
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hele he specific gravity reaches about 3 and “ be ited separate brittle constituent with cellular structure as was the 
it when this figure is reached the alloy has reached a state of | case with copper so that for a given tensile strength the zine 
comparative brittleness and low ductility which renders not alloy will have a greater elongation. Fig. 6 shows the appearance 
only of limited usefulness in the cast state, but incapable of being of magnesium. The magnesium will torm a solid solution up to 
d-worked. It will be seen that it is comparative t a certain point and then separate out, a compound Mg,Al, being 
se mixtures tor alloying composition which w 0 formed, but since aluminum ingot contains silicon, the result 
sile strength, but to obtain a combination ot high s na is generally somewhat diflere! lhe magnesium combines with 
ty it is necessary to use careful selection and to ¢ é silicon to form a compound Mg.Si, which is practically insoluble 
to constitution. The most important alloying n ire and very brittle. Its effect is the same as that of the copper com 
er rn at is, for casting and work pound, but very wh more pronounced; t Ss, an addition as 
copy ovs, aluminum-zine all 
’ S 4 er most t thy ( \ 
num-copner alloys find 
alumi ine allovs se 
Kurope his condition weve . 
! ‘ el a rn periods 
\| \ \ 
s been more or less a1? 
‘ rap these all Leaner 
‘ study ¢ eonstit on is lene ‘ 
. ) it i! 1g a1OVS ik ! 
l \ cCurs ( | 
| tf shows a micrograph of a typical 5 per « Dyer ow as 0.25 per « ynesiui marked hare eft es 
num alloy. It contains two constituents, one bei he bael Iron, manganese, and nick forn ympound e alumi 
uund or raatrix of solid solution, that is, so-called mixed ervs num such as FeAl. which show up in e torm ol ! needle 
ils of copper dissolved in aluminum; the other constituent which shaped erystals as in Fig. 7. These compounds ar practically 
ppears as a network around the grain boundaries is a eutecti insoluble, and even a small amount of iron will cause the appeat 
of the solid solution and a compound CuAl This network 1s ance of the needles. The effect of these needles is to break ip 
ery hard and brittle and serves to reinforce the allov, making the continuity of the copper or other network, and in the case 
harder and stronger. At high temperatures, Just below the of a break the iron needles make the path of rupture longer Ir 
melting point, the solid solution will contain about 4 per cent of this way small additions of iron give both greater strength and 
copper. In an alloy like this, with 8 per cent copper, the other greater ductility. 
t per cent goes to form the eutectic network around the erain Fig. 8 shows a ductile easting alloy containing copper, zine, 
boundaries. It is to be noticed that the network is quite com and iron. The zine does not show up, since it stays in solutior 


plete, is, it forms a elosed structure, and since it is 


that 


brittle 


The copper network is just beginning to appear, since there is 
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about 3 per cent copper present, or Just im excess ot the amount 
which will stay in solid solution under the normal cooling condi- 
tions. The iron needles are distributed around and pertorm their 
function of giving additional strength and ductility. 


COMMERCIAL CASTING ALLOYS 


The development of useful physical properties by alloying 


selected metals with aluminum has made possible the commercial 
use of a number of widely varying alloys. A good many of these 
are either straight binary alloys or binary alloys with very slight 
third or metal. The light 


aluminum alloys which are used for sand casting in America 


impurities or additions of fourth 
center for the most part around different copper-aluminum com- 
binations. 

The principal aluminum alloy used for castings in the United 
States consists of about 92 per cent aluminum and 8 per cent 
copper, and is generally known as Aluminum Company of Amer- 
ica’s No. 12 alloy or 8S. A. E. This alloy 


when east in a 1%-in. test bar in green sand and tested without 


specification No. 30. 


machining off the skin should give an average tensile strength of 


‘ 


about 20,000 lb. per sq. in. and an average elongation of about 


1.5 per cent in 2 in. A modification of this alloy having some- 
what better physical properties is now finding considerable tavo1 
in castings for the automotive industry. This alloy has an analy- 


5 per cent zine, 1.2 per cent iron, 


The tensile strength of this alloy 


sis of 7.5 per cent copper, 3 
and the remainder aluminum. 
will average about 21,000 Ib. per sq. in. and the elongation will 
be somewhat greater than that of the No. 12 alloy. 

Where greater ductility is required the copper content is cut 
down to about 5 per cent, resulting in a tensile strength of about 
18,000 Ib. 


per sq. in. and an average elongation of 3 per cent. 


This alloy is used for castings such as those for automobile bodies 


which require to be pressed or bent into their final shape. This 
alloy is somewhat more difficult to cast than No. 12, due to th 


lower copper content and consequently higher shrinkage. 
Another alloy which is well known under the designation 8. A 
E. Specification No. 32, contains approximately 12 per cent cop- 
per and remainder commercial aluminum. The high content of 
copper renders it somewhat easier to cast, as it cuts down the 
solidification shrinkage of the alloy and makes in general for 
As a result of this the alloy is 
selected for use in eastings where tightness against leaking is the 


denser and sounder castings. 
principal requirement. It has the disadvantage of being quite 
brittle, due to the large amount of copper constituent 
The fails to marked improvement in 
strength over ihe common 8 per cent copper alloy owing to the 
fact that in the structure of the latter the reinforcing network 
of copper compound 1S completely closed (See Fig. 4), and no 


present. 


casting show a tensile 


further strengthening is produced by the excess amount given 
when the copper is increased up to 12 per cent. 

As previously mentioned, there is a tendency in Europe, and 
especially in England, to favor the zinc-aluminum combinations, 
and the alloy which corresponds to our No. 12 is known as L-5 
and contains 13.5 per cent zine, 2.75 per cent copper and the re 
aluminum. 
about 2.95, or higher, which is relatively high as compared with 
Its tensile strength 
when cast in sand is over 25,000 lb. per sq. in., but the elongation 
is not much over 1 per cent. 

Another alloy which finds favor in England contains 10 per 
cent zine and 2.5 per cent copper. Here some ductility has been 
gained over L-5, that is, it gives over 2 per cent elongation, but 
at a sacrifice of tensile strength, since the specification only ealls 
for 22,000 lb. per sq. in. 

The foregoing are some of the aluminum alloys most widely 
used in sand castings. 


mainder commercial This has a specifie gravity of 


No. 12 alloy at a specific gravity of 2.83. 


There are, however, a few special uses 
which demand special alloys; for instance, commercially pure 
aluminum, in general, is much less subject to corrosion than any 
of its alloys, but in east form is too soft for much practical use. 
In this connection an alloy of 98 per cent commercial aluminum 
and 2 per cent manganese finds some application, that is, it re- 
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sists corrosion practically as well as the unalloved metal, while 
the small addition of manganese gives the necessary strength and 
hardness in the castings. 


PERMANEN'T-MOLD CASTINGS 


By far the greater part of the east aluminum used is in th 


considerable tonnage 


form of ordinary sand castings, although 


of aluminum is manufactured in permanent molds. In this coun- 


trv the manufac 0 


turers of aluminum castings i permanent n olds 
have not so far undertaken the casting of very | 
castings up to 150 Ib. in weight have been made in chill molds 
on a semi-commercial seale. 

The chill-east aluminum finds its principal outlet in the form 
and this has led to the development ot 


of gas-engine pistons 


specialized alloys. Permanent molding, though a much newer 


art than sand casting, is susceptible of more scientifie control and 
actually approaches a more exact science. The feasibility with 
which any alloy can be cast into a chill mold depends upon the 
simplicity of the desired casting design, and for casting com 
plicated shapes the alloy selected should be such that it lidit 
tion shrinkage is relatively small. 

For the permanent-mold casting of fairly intricate shapes such 
as aluminum pistons, 


bearing caps, ete., an alloy containing 10 








per cent copper, 1.5 per cent iron and 0.25 per cent magnesiu 
remainder commercial aluminum, is used fairly extensively Tha 
has the property of running well in permanent molds, the shrin] 
age being kept low by the relatively high percentage of coppel 
Fig. 9 shows the difference in structure obtained by eastine this 

~? i 

Belle 

oe? 
Cast in Green Sand Cast in Pet nent Mold 
Fic. 9 SAND AND CHILL-Cast Piston ALLOY 

alloy in a permanent mold and in sand. It gives a fine-grained, 
dense structure with high strength and hardness, making it suit 
able for wearing or bearing surfaces and easy to machine. In 


a properly made chill casting this alloy will have a tensile strength 
of 28,000 Ib. per sq. In. and 2 or 3 per cent elongation, but these 
properties Cal 


only be attained by careful attention to all the 
factors going to make up a good casting. 
Table 1 enumerates the properties of some o he allovs whose 


composition has been given above. 


rABLE PROPERTIES OF CERTAIN ALUMINUM ALLOYS 
ra No. 1: S.A] Britis} I 
rensile strength, | 20,000 2 SOK 25,006 27 
Elongation, per cent 1.5 ( 1.5 1 
Brinell hardness 65 70 R0 ¢ 
Scleroscope hardn: 14 16 18-20 14 
Specific gravity 2.84 2 90 | G2 289 


STRESS-STRAIN CHARACTERISTICS—VALUE OF DucriLiry 

In the selection of a casting alloy for certain applications, 
ductility must rightly receive consideration. For parts which 
are subjected to normal stress, rigidity and a reasonable amount 
of strength are the only essentials. In many cases the factor of 
safety is also very high, since the dimension of the cast piece is 


controlled by ability to cast or manufacture 


for example, the 
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familiar aluminum crankease easting. However, where east 
aluminum member is designed for a heavilv stressed p ‘ 
resistance to normal stress is not the only matter to be considered. 
The tactor of satety might be made such that the ordinat stres 
range could be taken care of, but if thi vere exceeded and tnere 
were no duetilityv 1 the material, complete tailure \ d be the 
result It is in connection with abnormal stre engineer 
parts and with abuse as opposed to normal use tl 
miust be revaraes il “avery val lable and essent Dl « to 
east aluminum or similar engineer ! e)} l"} 
‘ here, apart from the perfor: ce oO ( I 
chu l ihsolutely « ential to e proc re 
Sand eastings must of neeessitv have liberal ! 
dimensior Wit these variations assembiu ! 
olve some } ry handling and knoe r together are 
instanees on record where assembling shops could 1 e th 
rdinarv brittle aluminum alloys when it w ib 
‘ iinun for bronze eastings, but yhere tile 
uninum alloy of high strength met with goo 
it creneral L may be said that the @ast a ! ! ire 
oft erv elastic materials, that is, if the proportior I str 
to deformation is considered to be the test of elas if ! 
though the proportional limit of cast alu 
thre eld point is relatively igh and in comp 
train eurve of a east aluminum alloy wit! 
, ( ee | 10 there 1 rane 
ress, about 13.000 Ib., tor aluminu " Ail 
‘ hen both | ( en on small al ts ¢ ‘ 
De ol nu ! pao lor tur e! 
( l ul illoy eCeSSAI 1) or 
adi il stre \ | the stee \A ale rl 
I"} ( 0 rainar, i 
eversal of stre White-Souther te r ¢ ! 
( reco | The performance, howe 
re ¢ rd se , pr , | , 
vorking range well above the proportion ! | ce, 
ordinary No. 12 alloy the proportional limit aroul i i |b 
’ a ' rel +} ibout VO LOOO t) 
us alloy s shown a fatigue lite of 16,000,000 
strees of S5OO lb per sq Machine St e¢ 
for a life of 16,000,000 eveles will take a stress of on 1.000 Ib 
wr s “ tensile strengt! e ver 6bO0.000 
ropor : corresponding hicher 
) ‘ le proper “ 
weve are ho oro Iv accountec Di ‘ ( 
hye he have heer obtainec ere ? 
migh wrhaps be explained in terms of str , 
un 1 ilov is a eombn ot bi ‘ 
eria and wherea ! he traig el ( 
e! ire pulled o oO lace witl t ‘ 
otal deformation and their strengthen tie . 
I e! of stress in the fatigue test ese Col 
ell ngvinal posit and the alloy retains e hene l 
PossinLeE EXTENSIONS OF THE ENGINEERING A 
ALUMINUM 
the automotive field at the present time torms by Tat rvest 


ngineering outlet for aluminum allovs. There are some possible 


} 


veloped in aluminum alloys which may be mentioned, but these 


MOSSIDIL 


lor instance, in any kind of. light high-speed machinery the 
nertia of reciprocating parts and consequent vibration and shocks 


can be eut down by judicious substitution of aluminum alloys for 


ind 


if 


vhere centrifugal stresses run high, east aluminum ean be sub 


stituted for cast iron to good advantage. 


plications which are based very specifically on the properties 


ies at the present time are not to any extent realized. 


eavier materials provided their physical properties are properly 
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Where rmgidity is the prime conside on, the 
trolling the substitution « fuminum Tor rro 
interesting. The modulu . ‘ aha , 
may be taken as 1U0 mullior ». pel (j ori 
million and machine steel at 30 1 ! 
portional to the moa OL ¢ 
lo substitute aluminum tor I ! j 

re ne se Tide i ry 

h a DU per cent decrease ve ) I ro 
rigidity 

HE We GO \ 
Alu ll ( ire not ] a oa re 
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CO m and properties are ro 
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u é It w 

ind joints on dimgibles, beir roles ric rr) 

shapes and extruded int es hee 

‘ er uses he composition o ‘ <= 

the olemente ani ‘al to the onre ; 

roperti re copper um S ; ) 

lagnesium from 0.50 to 1 per « \e : 

suc! elements as iron o l I al ‘ ns y 

some cases chron ium or molvbder im 

In the manufacture of dura part ( 
operations consists OL: 
] Pouring of the ingots 
2 Hot-rolling to a slab or bar 
3 Hot-working to the final shapes 
| Heat-treating and quence! ng 
5 Aging. 
The ingots are poured with the metal at as low a 


prevent cold shuts. 


lerstood and ean be relied upon. Also in high speed pulleys need. Tin tone ke 


working 


to 500 deg. cent. The 


a special tvin ot tilts 


then hot-rolled to a 


final fabrication may 


possible, that is to say, just enough above the me 


slab or 


nM 


mad 


re col 
| - 
LLerial are 
a ailoys 
7? al () 
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I 
rauiu 
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temperature as 
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final 


the temperature being kept with advantage pretty close 


ing, 
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) ol i-slamping ‘ according lo he nature of thie 
=| “ ~ desires » produc Ihese operations are carried ou 
within a carefully controlled temperature range, betwee 150 ar 
mr cle cel ind the material is carried to its final “hap 

Phe hot-worked material is possessed ot properties greatly im 
proved over what would show in the cast ingot, but the ful 
development of its usefulness is only obtained by a specitic i 


temperature ot 500 to 540 


























treatment lhe alloy is heated to a 
deg. cent. tor a period of 15 to 1). hr., depending upon the size 
ot e piece, and immediately quenched in cold water. 

\fter this heat treatment and quenching the properties ar 
still rther improved, but are not tully developed until a proees 
of aging is gone through. During the aging the allov takes on a 
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In 11 Worwp's Propuction or Coprprk AND ALUMINUM 


LOGARITHMICALLY TO SHoOyV 


further inerease of tensile strength and elongation. This aging 


s analogou o what takes place with the east aluminum copper 


alloys, but its effect is much more pronouneed. Ihe very best 


properties can perhaps he produced after heat treatment by an 


artificial accelerated aging at elevated temperatures around 150 


deg. cent. As an example of the manner in which the properties 


are developed DY the various stages of manufacture, the follow 


ng are fairly representative figures of an alloy oi general 


duralumin composition: The chill-east ingot shows a_tensil 


strength in the neighborhood of 30.000 Tb. per sq. in, and elonga 
tion below 8 per cent. After rolling, hot-forging and annealing, 
the tensile strength runs from 45,000 to 50,000 lb. and the elonga 
tion from 10 to 20 per cent. The exact balance between strengt} 
and ductility at this point depends upon the temperature at which 
the working is finished, that is upon the amount of cold work put 
After heat-treating at 500 deg. 
quenching, the properties show a marked increase: 55,000 to 60, 
000 Ib. per sq. in. tensile strength, and 25 to 30 per cent elonga- 
tion. 


on to the piece, cent. or above and 


On a freshly quenched piece these figures would not be so 


If the 
heat-treated material is given an artificial aging by exposure to 


a temperature of 150 deg. cent. for 48 hr. the tensile strength will 


high, but they develop after aging for two or three weeks. 





hy { () ) yen) » hicher " ) ) ) rsa 
ivying | ‘ estigalions have ) ! earried oO " 
United States Bureau of Standards and elsewhere on e struc 
iral and other reasons controlling development ot properties by 
working, heat treatment and aging and a ta rly satistactory ¢ 
planation has heen ari ved at. Metallographi considerations 
vould show that the changes brought about are due in genera 
o the « wge i solubilits ol t coppel aluminum compoul d as 

temperature ~ oweres Ire ke cent Oo ordinary 
emperatures 


Pre A ATIONS OF DURALUMIN 
Phe possibilities for appheations tor an alloy of these prop 
erties and low specitie gravity are of course very numerous. The 
rolling of structural shapes and of frameworks for permanent or 


vortable structures has an immediate future Drop-torged dura 
I 


min is finding its way into use in the automotive industry in the 


form of eonnecting rods, rocker arms, ete., as well as vears 


Forged duralumin connecting rods have been submitted to pro 

longed test in special testing machines and in the motor or 

block and on the 
The fatigue indeed, A 


sample connecting rod made for use in a standard passenger car 


road. 


lite of the metal is 


very tavorable 
crank 


and 


the load on the erosshead would correspond with about 50 per 


was run in a special machine consisting of a motor-driven 


and weighted crosshead. The speed was about 1500 r.p.m. 


cent overload on the motor. The duralumin rod gave a life ot 


and was still functioning 


353 hr. ¢ when a easting on the crosshead 


failed in fatigue. A standard drop-torged steel rod for the same 


car showed a life of only 25 hr. under the same conditions, for 
example, with 50 per cent overload and another between 40 and 
Dv hr. at normal load both thi steel rods tailing n tatimue at the 
big end The steel rod was of smaller section, but about double 
the weight of the forged aluminum rod. Some « ese ro ilso 
have stood uy} well a bloek ana road tests 1! the motor te thie 
extent of over 10,000 miles of runnit A notable feature of a 
number of these tests has be tha at the big end b rit ‘ 
Te } is Heel ru aires ol the eral ks iit W ! ) 4 

iL Soe l Korged and heat-treate duralun 

Y up sa very satistactory bearing 1 el vier eal 
iwainst a sufliciently hard sha Rods have be 
0 ease ird er anal he tre () 

( \ l eNpal a 7) I! l ! i nee! 
) rings ' ray ( \ on 

e immediate ll Is golng to tell cor aderab ! re pout 
I actua perlo ance oO est ind other ipp S 
duralumu Cre be wive he inventor ¢ } vy fo 
ne works i , rol indamental sciet ; , ' 

e sper r pol ot view t illo eprest 
? ! ale ‘ ) ne ? erties I lll num bv i ly 

( Liumnul W | LsiLreny Ol l >» 00) »% Das pl ” 

I i strength of over 60.000 |b. without loss of duetilityv. bu 


specifie gravity has been increased less than 10 per cent. What 


other similar possibilities may he in the future it is not safe to 
sav, but let remember the short space of time that has beer 
spent in reaching even the present state of alloy development. A 
picture which is fairly familiar to the aluminum industry is that 


when we speak of the beginnings of iron or bronze or most 
commercial alloys we go back thousands of years to prehistori 
times, but when we speak of aluminum we go back as far as our 
own generation only. The abundance with which aluminum occurs 
nature and the reception which the engineering world has given 
it insure a rapidly inereased production for years to come. 
Fig. 11 shows the history of the annual rates of production 
vf copper and aluminum. By the use of logarithmie coérdinates 
and by extrapolation the prediction ean be made that somewher 
about 1935 or 1940 the yearly production of aluminum will equal 
that of copper and afterward exceed it. Perhaps it would not be 
too optimistic to say that while we have passed through the Stone 
Age and the Age, the 


future holds in store for us the Aluminum 


Age and are living in the Tron 


Age. 


Bronze 














Some Applications of Alloy Steels in the 
Automotive Industry 


oer Ki. J tENCH., 
The following paper deals with the application of various types of 
nickel-chromium steels in the automotive industry. Particular refer- 
ence is made to the uses of steel containing | per cent nickel and 
1 per cent chromium and also 3° per cent nickel and per cent 
chromium Data are also given for these two steels showing the 
le nsile properties and hardne SS developed in small Size rounds sub- 
jected to varving heat treatments. 1 somewhat detailed mention is 
made of nickel-chromium steels and treatments used for gears and 
airplane-engine crankshafts. General specifications governing this 
latter part for both rotary and stationary engines are also given, and 
important difficulties frequently met with in the production of crank- 
shafts are noted. “Streaks” and “temper brittleness,” both encoun- 
tered in the use of nickelchromium steels, are briefly discussed and 
curves showing the tensile properties and hardness of “ stainless 
steel” under varying oil-quenching and tempering treatments are 
presented. There are also shown the results of cutting tests made 
with cast high-speed-steel milling cutters and a comparison is given 
with high-speed cutters made by present-day ordinary methods 
Vicrographs are included to show the refractory nature of the carbide 
in cast high-speed steel. 
LLOY et ire ery widel user nm the 
dustry b the manutacture f ry 
obile d without doubt have been one ¢ i 4 
etors e developme of the industr \ pre 
‘ { A would require mor 
rhe ‘ maper has according bee 
“ eS eas ‘ 
oO ( ‘ erest oO " ey ‘ 
‘ ’ ‘ ro , 
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‘ \ contents o 
ents 1s req 
! i vari p ) 
S ! al rol ( 
‘ reat flavor, but any o 
‘ OD excellen ecombinatio 
superior to plain earbor eels Oo ! 
Steel No. 1, Table 1, will serv 
» ( NICK} vp 1 Per C1 CH > 
V| teel, containing approximately 0.40 per cent ear seal 
1) cent nickel and ] per cent chromium, was lare 1 he 
production of various parts of a well-known rotary engine der 
videly different physical specifications. Three such pat with 
he tensile requirements and heat treatments used are sted i 
lable 2. 
While both cams and valve lifters were of small size, the use 


| this steel I is ¢ xeeed 


or the former is not recommended, for it 


giy ditheult to meet the severe requirements of the specifica 
* Met.E. ; Metallurgical Division, Bureau of Standards, Washington, D. C 
resented at a meeting of the Washington Section of THe AMERICAN 

SOCIETY OF MECHANICAL ENGINEERS, March 31, 1920 Published pel 
ission of the Director, Bureau of Standards, 
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high alloy content 
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furnace, and the parts wer 


small, enab 


no ft 


irea 


rried out in small electric heating units Attentio 
is because there is without doubt a great deal of 

steel used where cheaper and lower alloys 
well serve the purpose, though under conditions 
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not as 
to the 

The 


] 
maer 


severe as those cited, thereby saving considerable expense 
industry. 

tensile properties and hardness ‘of this steel in small sizes 
but heat Fig. 1. 
tempering 6o0 


varving single treatments are shown in 


Variation in 
1350 dee 


temperatures between about and 


fahr. gives a variation in properties approximately as 


follows: 


Yield point, Ib. per sq. in. ~OO.O0O0 to SO 000 


Tensile strength, lb. per sq. in 220.000 to 117.000 

Elongation in 2 in., per cent.. 11.5 to 2.0) 

Reduction of area, per cent 1 to (2 

Brinell hardness — eae 140) to ao 

Shore hardness ae oe , HO to 5 

§ Per Cent NICK! Wp 1 Per CENT CHROMIUM STE! 
Steel containing about 3 per cent nickel and 1 per cer 


chromium, or often somewhat lower percentages of this ¢ 


is used for erankshatts, connecting rods, ete., when higher 
combinations of strength and ductility are required than may by 
developed in the steel previously discussed. The tensile proper 








ties and hardness of such steel containing about 0.25 per cer 
C 0% Normalized and Oi! ] 
V hed from 450 
os 
R 
er r | Ten rature, e 
Fic. 1 rENSILE PROPERTIES AND HARDNESS NUMBERS OF A IEA 
TREATED 1:1 NICKEL-CHROMIUM STEE! 
carbon when subjected to various single heat treatments, are 


Fig. 2. 
arving the tempering temperature between about 
and 1300 deg. fahr. follows: 


shown in The approximate variation in properties ob 


by! 


tained by 


Yield point, Ib. per sq. in LOK to | STAM 
lensile strength, Ib. per sq. in.. POO MIO to TIT. 
Mlowgation in 2 in., per cent...... 14 te tj 
Reduction of area, per cent.. : . DD to 70 
Brinell hardness HO to 240) 

If comparison of these values with those given for the 1-to-] 


nickel-chromium steel is made it must be remembered that th 


higher-alloy steel contains much less e¢arbon. 


CRANKSHAFTS 


The question of crankshafts for which this steel as well as 
others are used is one of such importance, especially for air 
plane engines, that discussion from the standpoint of the part 


itself now appears justified. 

Despite the variety of design in both engines and parts, erank 
shaft specifications for most types of airplane engines may be 
There 
the table generally 
Ordinarily the crankshaft requires skilled metallurgical 


grouped into two classes, as shown in detail in Table 4. 


are exceptions to the values as given, but 
applies. 
control in all stages of manufacture and the best steels and treat 
ments are none too good. 


The treatments used to develop the 
physical 


characteristics vary, but the 
ordinarily used a relatively high temperature—tempering above 
1000 deg. fahr. is necessary, which is of course desirable. Both 
water and oil quenching are used, as shown in Table 5, which 


required with steels 
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i2, No. 9 


also shows and obtained on 


W here used 


the shatts are usually removed trom the bath atter a given length 


analyses, treatments properties 


several types ot crankshatts. water quel 


ing is 
of time and before they are cold, and immediately tempered to 
avoid cracking. 

the ly 
machining in 
the 


It is essential that erankshatts be thoroug! annealed atter 
distortion 


( old 


heat treatment also gives trouble and in such cases 


forging and befor order to minimize 


wlieh sometimes occurs dur v machining operations, 


setting alter 


he erankshatts should be rough-machined betore heat 


treatment. 


Hair-line seams or streaks and “ blue brittleness” are two ad 
ditional factors which, while they are often encountered in pro 
duction of cerankshatts, are general and will be brietly discussed 
later. 

In order to avoid such difficulties, care in melting, working, and 


thermal treatments is required. Acid open-hearth or 


electric is undoubted] the best steel to 
additions 


cold-melt 


use. Excessive aluminum 


should be avoided and casting temperatures should 


preterably be under pyrometric control. Sutlicient 


diseard should 


be made to remove segregation and pipe, the amount pr 


dependit 


and all ingots blooms should he 
steel should be 


structure 


upon casting practice, 
lhe 


and care 

fully surfaced. 

all 
haat 


or heat 


worked sutticiently so as to 


remove traces of cast and heating whether for 


forging treatment should be slow and uniton 


Heat-Treatep, Coup-DrRawn NICKEL-CHROM S 
Nickel-chromium steels have also found application in their 
heat treated, col l drawn condition whe re close wiherenes to Sze 
as well as high physical characteristics are required. Such steel 
is particularly useful in production of parts carrying threads 
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FS 
rat e. Dea Ff 
Ii 2 PENS! ’ROPERTIES AND HIARDNESS NUM Ss or A LIBRA 
TREATED 3:1 NICKEL-CHROMIUM &S 
where oxidation from heating after machini 4 bjeetionable. 


Ordinarily the ba close to that 


rs are hot-rolled to a siz 
and then either normalized or quenched and 
Table 6 


ot cold work on the 


tempered atter which 


they are cold-drawn. illustrates such drawing practice 


and shows the effect tensil 


properties. In- 


crease in elastic limit and tensile strength with decrease in duetili 


ty as measured by elongation and reduction in area _ results. 


Heavy final cold reductions induce brittleness and should be 
avoided, and in addition impair machining qualities 
GEARS 


Nickel-chromium steels of various analyses are also widely used 
for gears. The type of steel recommended depends largely upon 
the service desired and this, of course, together with the analysis 


chosen influences the treatment. The steels used, however, may 


be divided into two groups, viz: (a) tempering steels and (b) 
case-hardening steels. 
shown in Table 7. 


Typical analyses of these two classes are 
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(4 
rABLE 4 CRANKSHAFT FORGINGS FOR AIRCRAFT ENGINI 
‘ posit P} | 
| ( 
( ( | 
( \ SHAFT STI . ) ABLI PERCI | Ol , 
\ 
S ( 
’ 1" I R 
Ar 
I 1» g5 
Case-H gs 
) 
( a v 
[he treatment of the first class, comprised ot tempering steels, 
s similar to treatments previously outlined and consists u 
fal ormalizing or annealing the blanks before machining, after which 
the gears are quenched and ther tempered at comparatively low 
seg sai or Peg ita ' temperatures (about 500 deg. fahr.). High hard: ind strength 
ieay i together with fair ductility ean be obtained 
t 
tt : — ‘ , The second elass mentioned, compris rt east 
irdening steels, requires different treatme lhe chined 
. . ears ire ecarbul er I suitabl earbur ria t 
, isuall double-queneched tor refinement of core a ‘ lt 
~ ~ il y ot a 1a ’ ir it ‘ ’ ri ’ @ 
rh duc ind 7 at ely ‘ rey @ « 4 } } 
rb is extreme hard and | { 
W her highest combination o I no 
~ | rhe ears 1 be earhburize ( tempera 
re ut Do the erit rances der re 
nd then quenched but onee for harde the « With suel 
reatme? he coarse structure of tl core ! iced during 
carburization still remains but a hard wearing surface ol 
tained 
HEAT-TREATED, COLD-DRAWN NICKEL-CI M In general tempering steels are applicable to clash gears wh 
STEBI the higher hardness obtained in the case of the ease-hardening 
C, 0.37; Mn, 0.68; N Ps 4 N steels makes them admirably suited for constant-mesh vcears 
Ss. otha . i . 
Both types are used interchangeably, however 
Biastic | Ultimate |longation| Reduction Ham-Linr Srass 
2 rreat t Limit Strength, 23 Area ’ | ‘ +} ‘ ! | 
" [wo phenomena encountered in the use of nickel-chromium 
lt. per sq. in. Ib. per sq. i per nt per cent : 
—_ steels which warrant discussion are “hatir-line seams i ealled 
1540 deg. fahr. oil manganese sulphide streaks, slag inelusior i blue 
rempered 930 deg brittleness,” referred to as “ Krupp Krankheit ” and more prop 
fabs 27 65 1,400 2 r °o ; 
iv f med * temp ritt hess. 
t Cold -drawn 1/32 Cl ern I I ) ene 
in 108,300 140,800 a] 7.1 The first is in many instances undoubtedly due to inclusions 
11/32 | 1540 deg. fahr. oil, in the ingot and consists of manganese sulphides or silicates 
Tempered Jif Probably iron silicate and iron and possibly kel sulphides are 
deg. fahr 86,200 104,860 24 66.1 ‘ : kh } 
16 | Cold-drawn 1/32 also present. These streaks or cracks, which are not to be con 
in. 108,200 125,900 20. 61.3 fused with quenching cracks, vary in depth, length and in num- 


bers, but are most frequently present at the surface of the finished 
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lorgings Otte removing surface metal will cause them 


replaced by others, whereas sometimes thi 


removal of a small surtace layer will cause them to disappear 
entir This suggests that in some cases they may originate by 
he di in trom the outer surface during forging. It is 

erefore good practice to leave more than the ordinary amount 
ot metal tor tinish-machining. However, their absence from tli 
finish-machined forging is no proof that they do not exist in the 
nterior Whether sueh streaks are deleterious is open to discus 


sion, but in the writer's opinion they should certainly be regarded 
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EreeCcT OF VARYING QUENCHING 
PHYSICAL PROPERTIES OF A 


TEMPERATURE ON TH 


High-CHROMIUM STEEI 


es sub jec ted 


larly if at or near sharp corners in machined forgi 
to high stresses. 
TEMPER BrRITTLENESS 


The 


impact values obtained in slow cooling from the tempering heat, 


second phenomenon mentioned is evidenced in the low 


between te mperatures of 100 to 1100 dee. fahr., and more 
fahr 


oO partienu 
larly 700 to 1000 deg. By quenching from these temperi 
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VARYING TEMPERING 
’ROPERTIES OF A HigH-¢ 
QUENCIIED FROM 1750 


temperatures, normal values obtained. Table 8 il 


lustrates this effect. 


impact are 

So tar, no relation between low impact values and resistance to 
fatigue or other ordinary tests has been found, but until proved 
otherwise heats showing temper brittleness should be specially 
treated or discarded. At least they should be questioned seriously 
when intended for important parts. This whole subject is now 
under investigation by a committee’ appointed by the National 
Research Council. 


Committee on Physical Changes in 
Critical Range, Dr. Z 


Iron and Steel 


Jeffries, Chairman 
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Steels without nickel containing various percentages of 
chromium also find interesting applieations in the automotive 


industry or many years the use of chromium was restricted 


lo high carbon steels on account otf ditheulties im producing 


Wit 


carbon-free ferrochrome. improvements in 


production ot 











ferroallovs some interesting steels have come into us 
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irbor wnel TL te yd per cer ‘ ! ! ‘ eed ? ( 
stainless stec Orig ised tor cutlery } found 
cesstul applieation in valves for airplane and ypobile engine 
vhere resistunece to the action oft ot vases and wood stre rth and 
juctilitv are requires Kigs. 3 and 4 show fleet « irvil 
quenching and tempering temperature n the tensile properti 
ind hardness, while in Fj » 1S shown the resistance oxidatio 
compared with common types of alloy and earbon steels I’) 
steel presents 1{S Maximum resistance to corrosion ond oxidatior 


only when properly hardened and finished (polished or ground 
It is air-hardening in small sizes and may be quenched in oil, air 
or water. Quenching is best carried out from about 1650 to 1750 
deg. fahr. and for valves the steel is usually tempered at relative ly 
fahr. 
after such treatment are shown in Fig. 4. 


high temperatures—about 1250 deg. Properties obtained 


Cast HiGgH-Sreeep Street Currers 


Before closing this discussion it will probably be of interest 
to touch upon another phase of the application of alloy steels in 
the automotive industry, namely, as cutting media. The follow 

From tentative 
Automotive 


pp. 262-2635 


report 


of Iron and Steel Committee of the Society of 
Engineers, appearing in JIS. A ., Vol. 5, no. 3, Sept. 1919 
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MAGNIFICATION, JOO DIAMETERS 


nye will be contined, however, to the results of tests made Sonne 


east high-speed steel milling cutters, which in the past have gen- 


erally been made from bars or forgings. 


properly carned out has the advantags 


This latter method when 
; ] 


or deereasing 


aching 


work us We \| as ot saving costly miate rial, and produces eutters ol 


equally lngh if not better efficiency than those machined from 


bars. 


Fig. 6 shows one of the cast high sy d steel eutters used in 


the test about to be desc rived 


Total 


and having 


the following analvsis 
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One cutter having a double se ot — curved 
cutting edge w ried on rail ste Sa aoe 
and depths of cut. One set o a , ES ; 
peed of 100 ft. per mu ind OOO " , 
econd set ot teeth were worn so ; to sel er cutting 
ol at a cutter speed ol I tt. per Tmt 
eut Examination ot the structure ! ~ P . 
onaiiilic danvdeiben ibe ablution, the cnat tract 
parison with the structure « 1 propel harade j l 
n Fig. 9 will make thi eat 

\nother cast l I vas annenled at 1650 ev - 
our and cooled in the furnace, but did no ies 
cheated at th temperature tor five hours more nd cooled 

e Lurnace Atter machining to standard n re itter shape 

vas heated to 1250 dee. taht n 314 hi i 2150 
deg. fahr. in 10 min., and oil-quenchee After ¢ . 
—lil ected to Test i? compa or \\ " io} 1) , ‘ 
of standard make, the results being given in Table 9 
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It will bye 
higher than proportions usually present in high-speed steel tools 


noted that both carbon and tungsten are somewhat 


produced in the usual manner, and examination of the photograph 
shows a remarkebly smooth surface, generally free from im- 
perfections. The structure of this steel as east is illustrated in 


Fig. 7, which shows the characteristic tree-like erystals of carbide, 
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Some Commercial Heat Treatments for Alloy Steels 


By A. H. MILLER, 
The object of allov-steel heat treatment, and indeed with a very few 
exceptions all heat treatment, is to produce a grain size as small as 
possible, with a degree of hardness suitable for the purpose intended. 
The three variables which must be controlled for a successful heat 
treatment are temperature, time, and rate of cooling, and together 
with these the influence of mass must not be neglected. The author 
of this paper deals with the heat treatment of alloy-steels used for 
structural steel, 
He describes a series of tests which were conducted to determine the 


purposes, especially of nickel and nickel-chrome 


effect of the various heat treatments on samples of the same chemical 
composition, and the varied results are illustrated by a series of pho- 
tomicrographs which show the effect of different adjustments of the 


above-mentioned variables. 


LLOY steels, both for tool and struetural purposes, have 


had an increasing applieation for a number of vears. This 
paper is confined to a discussion of steels for structural 
purposes, am further limit itself to their heat treatment 
It will apply directly to the two alloy steels which are probably 


used to a greater extent than all others combined; namely, nickel 


steels. It is to be borne in mind, however, t 


and nickel-chrom 
the statements to be made in regard to these two allovs are almost 
equally appheable to all of the structural alloy steels, provided 
temperature changes are 


in the eritical 


made which correspond to the changes 
temperature of other alloys. 

In speaking of heat treatments, a fundamental thought must 
always be kept in mind: All fabrieated steels are submitted to 
a heat treatment. The differences between steels known as heat 
treated and others 


commonly spoken of as untreated is merely 
that 


the treated steels have supposedly received a preconceived, 
earefully-carried-out treatment, whereas the so-called untreated 
steels have received a variable and generally unknown treatment 
which is the result of casting, forging, and cooling at an unknown 
and variable rate from the casting or forging temperature. 
THe Time ELemMent in Heat TREATMENT 

In the heat treatment of alloy steels the three variables which 
must be controlled for a suecessful heat treatment are tempera 
ture, time, and rate 
three 


of cooling. The influence of mass on thes 


variables must never be neglected; moreover, it must be 
borne in mind that an inerease in mass may increase the treatment 
temperature, should increase the length of time held at tempera- 
ture, and will inevitably alter the rate of cooling. 

Too little attention is generally paid to the time element of th 
heat treatment, whereas it actually is of very great importance. 
The illustrations, Figs. 1-7, are a series of photomicrographs ot 
a nickel-chrome steel of the following composition: carbon, 0.35 
U.40 per cent; nickel, 3 per cent; and chromium, 0.75 per cent; 
and show the microstructure in a typical forged condition, and 
after annealing at a proper annealing heat for varying periods 
ol time. It will be noted that this series vives the time held at 
the annealing temperature from zero (meaning that the piece was 
brought to temperature and the furnace was immediately shut 
down) to 10 hr. A study of the photomicrographs shows that 
the ferrite as contained in the cell outlines of the forged specimen 
was not dissolved and uniformly diffused until the piece had been 
held at the annealed temperature for l%, hr. Fig. 7 shows that 
there had been a slight growth of the austenite erystals between 
the time of completed uniform solution at 14 hr. 


and the end of 
the run, 10 hr. 


his series also shows that a new cell system may grow in steel 
simultaneously with the breaking up of the previously existent 
' Research Department, 
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system. The pieces, representative micrographs of which are 
shown, were all cut from the same bar, and were treated by plac 
ing them together in a furnace controlled by a thermocouple, with 
drawing them one by one at the end of the specified time and 
plunging each immediately into a box of we ll-aerated lime. 


The that 


produce a uniform strueture is probably as follows After the 


reason a considerable length of time is required to 


stel is raised to a temperature above the eritical temperature, thi 


iron is in the gamma form, in which iron earbide is soluble. There 
Is, however, a certain leneth ot time required for this solution 


an that. a certain added length of time is necessary 


and, more t] 


to allow the solution to become homogeneous, Just as, in dissol 
ing a lump of sugar in water, a certain length of time is required 
to complete the solution, and a certain further length of time tor 


the water to become uniformly sweet. Analogously, 1f the 1ror 


carbide be dissolved in the 


and this solution 


ramma ron does 
not have time to become homogeneous before 1f be reeooled, the 
ferrite will naturally separate out on cooling at the point wl 
e greatest cones ration eXisted 10 the olution 
Procepure IN ALLOY-STeEEL Hear TREATMEN’ 


The object of alloy-steel heat treament, and indeed, with a very 


lew exceptions, all heat treatment, 1s to produce a grain size as 


small as possible, with a degree of hardness suitable for the 


purposes intended, by the simplest possible means. Thus the ill 


controlled and generally very poorly forged structure must first 


be broken up and a fine uniform structure established. In steels 


whieh are sensitive to heat treatment, « the nickel and 


f which 
this object is best 
] 


achieved in several steps, each of which is designed to break up 


nickel-chrome steels are excellent examples, 
the structure resulting from the previous step and bring thi 
material into a more nearly ideal condition. 

If the torging conditions are bad, as is the case in most torg 


ing processes, especially that of drop forging, a treatment ot 


numerous steps may be necessary. As an example of the 


most 


drastie the following is given: 


1 Anneal from approximately 1450 deg. fahr. 
2 Quench from 1600 deg. fahr. 

3 Quench from 1400 deg. fahr. 

4. Draw at 1250 deg fahr. 

5 Quench from 1400 deg. falr. 

6 Draw at such a 


eive the desired 


temperature as will 
hardness. 


This heat treatment is not of unheard length, as it is quite con 


As a matter of ‘act, in 


facturing pieces which will not subsequently be forged by the 


ceivably necessary in many cases. manu- 
purchaser, steel companies very 
this their 
understood, however, that 


frequently give al of the pre 


liminary steps of regular product. It 


this number of 


necessary only to guard against lack of uniformity, due to one 


treatment to 
must be well 


ste ps Is 


piece out of a great number having possibly been subject to a 


poor forging heat. If the forging temperature can be accurately 
regulated, however, inanyv of the steps 1n this treatment can b 
eliminated, 

In much commercial work, with good forging practice, a sin 
ple anneal at 1450 deg. fahr., followed by a quench just above 
the critical temperature and a draw, will put the steel in excellent 
preliminary condition, at which point the steel can be machined 
to its final shape. If conditions are such that the steel must be 
extraordinarily hard (as, for instance, in automobile gears), a 
final quench with a draw at about 400 to 600 deg. fahr. is then 
riven. 

It must be borne in mind when laying out treatments that the 
time at which the steel is held at temperature during any treat- 
ment, whether it be an anneal or a quench, is of quite as great 
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mportanee as the temperature. This is illustrated by photo 
micrographs, Figs. 8-10. of two pieces eut from the same bar 
s those previously shown, both of which were placed in the tur 
nace together One ot these pieces was drawn from the turnace 


and quenched immediately it had reached the quenching tempera 


ire (in this case 1400 deg, The other was allowed to 


will 


areas in the first ease had been slightly or 


Tahr. 


In the Lurnace tor +o hr. 


remain 


be seen that the 


and was then quenched. It 
Lerrite 
neompletely broken up, whereas in the second case they 


were very 
complete ly dissolved. 


These photomicrographs differ trom a corresponding one in 


the first series of annealed samples in that there is shown no new 


grain growth within the old partially broken-up system. 
ot course, the second ease the time el 


is due to the taet that 1 


ment 


necessary tor the separation of the ferrite during cooling 
was not suiheient. 
RESULTS OBTAINABLE IN Heat-TREATING ALLOY STEELS 


ENGINEERING 


cracking. Then the were subjected to 


pieces 1 sill ( | ler i 
1400 deg. fahr. and were drawn at 1200 deg. fahr.. vhich eo1 
tion they were machined and received no further treatment he 
unitormly excellent results obtained (each of tl pieces Was se} 
arately tested) showed that this very simple treatment had beer 


entirely effeetive. <A little thought will show that the reason ton 


this was that the drop forging was not excessively high, and that 


the growth of large-cell outline was prevented by the quen 


after forging was completed. The single quench and draw wer 
sufficient to completely refine the steel from th r condition 
which was thus produced. 

There is this to be observed in all cases of quen if alloy 
or indeed any other steels: Following the quenenh, pec 


quenched is in a condition of great strain and jis liable to erack. 


This hability to crack persists until the piec is been drawn, 


and it is therefore wise to draw the piece as soor = possible 


; 


atter the quenching. 


In eases where a drastic Guench is ad 



















































i : Visabl | = vetter 0 
From results obtained in the caretul heat treatment of nickel remove the piece trom the quenching mediuin before it becomes 
chrome steels, a series of curves, Fig. 11, has been prepared which — entirely cold. By this precedure the great proportion of the cor 
show the physical properties of a nickel-chrome steel resulting demnations due to cracking are avoided. 
from proper preliminary treatment and varving drawing tem : , 
I . . Finer Fracrure A CRITERION OF PROPER 
peratures. 
The type composition only is given in this figure, because it Is One of the signitieant effeets of a correct heat tre 
illov steels, which is indeed a eriterion as 
fr , c mn : EAT rr TMAENIT CHICIONEY ¢ the treatment, is the p 
| SLR dE re ead is 1 _ oil 
300 75 SER ATIONIIZE TREA DFRA ME AT HEAT [HOW , REMaRK< peculial TN pe ot Iracture in a. broket rere 
AL POINTS —_ JI Quenceen| Meoune| IGoo® | SHoue | GiL_ —— 7 ae know is “fiber.” This fiber fracture is ab 
ISSo TE | ot ss 
2 _ QUENCHED ) RouND | I4 00 ericor | Sow Lite distinctive, and cannot be mistake Vv one 
tor Sm seeree 18 omen 250° | SHOR! LIME who is even slightly skilled in inspection It is 
MIDVALE Sto co! | ee ee Ss . 
ice Twins. | RENNES TOL Romp produced in all of the well-melted, shock-resistir 
} 2 .505 _piam! JQuEencHess 505 mow 400° sHOLe Oj " 4 " , 
Tied ne on Et = alloy steels by proper heat treatments, and is si 
L E WGEWST, ie . | Hour A\e ro é ’ 
= closely related to Impact test values that tailing 
4 oie a. oo fF OF es : = + 
75 oc - Impact tests can almost invariably be selected 
rr ~ : lool trom broken impact test bars by the absence « 
- this type of fracture. The ease of producing fiber 
on Sing r by heat treatment is a criterion of the valu 
: | au alloy tor shock-resisting properties. So 
: portant is the presence of this feature that armor 
) S« 
: F ¢t plate, which must withstand shock test of the 
ve ; 8 | more severe character, is never nowing! 
— shipped without if 
‘ 4 ¥ Sa 
P Boioe In its report eovering its activities ts thie ear 
ad a ; 
2 4-7) 1919, The National Physical Laboratory | 
2 d Sea: | land) reviews its accomplishments nv tields 
| ¢ oNaRT Om. 0 5a J ol ser nce, among them being tS Vor! nm metal 
- aoaal , aoa ¥ AS ius lurgy. The most important work in the Metal 
ay 03 nn oer eee : v 34 lurgy Department ot the laborators Was In €or 
—F | nection with the production of light alloys, espe 
Le TS LL : att 1 cially for alreratt and aeroplane engines. Alloys 
Fic. 11. Prysicat Properties of A NIckKet-CuroMiuM STeet Resuttinc rrom Were developed to meet special requirements for 
PropeR PRELIMINARY TREATMENT AND VARYING DRAWING TEMPERATURES castings in general, and for parts such as pistons 
working at high temperatures; wrouglit alloys 
a mean of the results of about twenty bars from several heats were produced for use in the construction of rigid airships, 


of shightly varying compositions. The nickel steels of the same 
approximate carbon content give results which are somewhat 
inferior to this nickel-chrome curve, whereas the results of an- 
other tvpe of nickel-chrome steel, of 34 per cent nickel and 114 
per cent chromium, would be slightly superior. 

Starting from the extended heat treatment just deseribed, the 
development of the cheapest and simplest treatment whieh will 
give good results is a matter of intelligently eliminating or alter- 
ing steps of the ideal heat treatment as conditions permit. For 
instance, in a certain case where important drop forgings were 
manufactured from the grade of nickel-chrome steel shown on 
the curve, the actual treatment to which pieces were subjected is 
as follows: The pieces were forged under a drop hammer, and 
were dipped immediately afterward into a tank of oil which was 
maintained close to the forge. The pieces were kept in this oil 
for about four minutes, removed at a temperature between 700 to 


900 deg. fahr., and were buried in ashes as a precantion against 


aeroplane spars, ete.; and the rolling of light alloys into 
thin sheets to serve as a substitute for fabrie in covering aero 
plane wings was successfully accomplished. Special ivesti 


gations were made with the object of substitutes to 


Among 
these was a substitute for the use of antimony in hardening lead 
for shrapnel bullets. 


providing 
alloys tor munitions when difficulties of supply arose. 


Another ease in which a substitute was re- 


he ai 


quired was the aluminum tip forming part of t 
arms bullet at the beginning of the war. 


andard small- 
The possibility of re- 
placing the aluminum tips by bodies of precisely similar size, 
shape, and weight was thoroughly demonstrated, with the col 
laboration of a pottery in the Manchester district, where the diffi- 
culty of preparing small pottery bodies with the necessary ae- 
curacy of shape and dimensions 


was successfully 01 


Investigations were made on steel for torpedo air vessels and tur- 
bine gearing, and methods of hardening and ease-hardening war 


material were improved. 


ercome., 











The St. Lawrence River Project 


An International Project Which Promises Unlimited Benefits in Solving the Transportation Problem 
of Central North America as Well as the Fuel and Power Crisis of the Eastern Seaboard 


By HORACE C. GARDNER? CHICAGO, ILL. 


For centuries the rapids of the St. Lawrence have been regarded as Lawrence is 221 tt. lor centuries t se rapids have been re 
a drawback to the development of the surrounding country, and in varded as an enormous disadvantage, but with the present need 
the sense that the people of a century ago comprehended the matter for power and modern methods ot development the peo of bot! 
they are still a disadvantage. But with the existing demands for the United States and Canada are sure to reach with CCU 
power and inland transportation systems already breaking down under rr two a condition of thankfulness that the rapid: 
the stress of traffic, the river and its rapids should be looked upon as It will perhaps be interesting 1 pe 
a resource and one of nature’s best gifts, for they furnish the solution } e been the order ot develop: I 
to both power and transportation problems. It is to this proposition on the North Amernean contine { S saw? eb 
that the author of the following paper has addressed himself. If de- rdinarv stream without f reat rap ! the Gt 
veloped, the improved St. Lawrence, together with the Great Lake Ss. wen connected to this Liel D 
would constitute, the author states, a waterway from the | rt at he normal 1 Oot the l l a | ~~ 
North America direct to the continent of Europe ind «as result explored tor its tull lengt! Lo3b, 
an ocean steamer could he loaded at a Great Lake rf d not ettlement ‘ re ac ‘ thie \ ( J 
discharge its cargo until it reached a Europe an port lhis. ao ourse, town. Virginia. in 1607; \ \) t \l 
would relieve the congestion which now takes place on the railroads 1615; and PP outh, Mass., 1620 f e set 
every vear during the season when the crops of the West and Middl ident that had it been po 
Woest are shipped to the seaboard. It would also materi essen tne Vess ot that da rol the Great | 
the car shortage which occurs during that p riod adit ré er uf ! rope, evu Col ato! \ ‘ ) 
would = lesse n the « rpense ot shipping. The problem thie ither nores ol Ls ‘ kre and ail () wrlo I I i 
states, is not a new one It is over a hundred vears old nd durin establishing tnhecise es on thie Atlantic Coast qa the 
the past seventy-five vears the Canadian Government has been 1 ng eastern New Yor he Det 
improvements, most of which, however. are not large enouch tor the (;reat Lakes | ns: and, with tl ernior Lert iT these as 
present demands ft the present time the Great Lakes-St. Lawrenes mina, See} probable that populous centers 
Tidewater {ssociation is endeavoring to encourage cooperation r established oO the shores of the Great Lakes, I ‘ me? na 
tween the United States and Canada in the development of e St Oper tend vestward, I t s Tel 
Lawrence both for navigation and power. The Internation loint re aio? is Atlantie Coast 1 ut mor d 
Commission, which consists of three representatives of the United tate 13 nature pro ed otherwis I : st 
States Government and three representatives of the Canadi Ge rn Lawrence proved so much of a barrier to commerce 
ment, are also holding hearings at various places in bot! ries nti lor | ( ‘ tion | re ) d 
to learn the sentiment of the people. The paper is an interesting dis re et » rea I Veardo ~ ame uv O int 
cussion of an important problem which is bound to receive consid re I ‘ ’ I supre nee ol 


erable attention in the immediate future 





N ot ! Kranee, ¢ 
{ , ( ‘ ‘ 
, ches nor States, s 
t | Le ( ear ‘ S | (; 
fre : Ml ; — pores , , ‘ ‘ , ‘ ) 
| I cl ( eure ) ) 
Islar 1] 0 h of the St. ] uur count? I 
} w a snaee : f our cor , ' 
Si i Cartier vile ther expeditio d « 0 e tl ! \ 
St] 50) on on r as the pres United States ar 
. brought about others, and eventually the five fresh-wat: one-half, our productive capa \ ng to the latest 1 es 
seas that e come to be known as the Great Lakes wer ailable = present produet ) s| 
closed te ! which, together with the St. Lay erms Of percentage of 
SaaS one OF the finest, and in many respects one oO Core ne \ o] 
’ remarkable, tresh-water basins and drainage svste1 ( Wh. 2 y 53 
glob Flax, practi Wana 1m WN +7 
The entire distance from the headwaters of the St. Lou hive Cattle, ver oh ob 
in Minnesota. which flows into Lake Superior, to the 1 t} t Hogs d — a 
the St. Lawrence River, is 2100 miles. The lakes thems« - ain ney 16 
stituting enormous reservoirs, cause the great river to | e | Eggs m4 So 
most even flow of any of the earth’s large streams. Thi Cheese .. ma OO ‘4 
hions between mean flow and maximum and minimum is but 25 
per cent of the mean in eontrast with thirty times the minimum On the map of Fig. 1 it w be noted that various centers ata 
at the mouth of the Ohio, and practically the same extremes it indieated by numbered circles These are the centers of produc 
the Mississippi at Keokuk. tion of various products, comprising practically all of the Tunda 
But the great disadvantage of the river is its rapids, the great mental necessities of life. 
est of which is the Lachine, which ends at Montreal. The total With one exception—the center of population—the locations 
fall between the outlet of Lake Ontario and mean tide at St. are the crossings of median lines There are two methods of de- 
——" termining such centers. One is to caleulate and determine a point 
Gardner and Lindberg. Mem. Am. Soc. M. E at which, if all of the given produet were assembled and piled in 
AP neg fa ar eee Pm Bg meg gh nite : one pile, the least possible transportation would be ne cessary. The 
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center of population as shown on the map was so determined by 
The other method, and the one used with 
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distances by rail and the railways are congested progressively as 


one moves eastward. The greatest transportation demand comes 









































the Census Bureau. 
espect to all of the centers except population, is to determine every vear at the crop-moving season. Taking the experience ol 
a north and south line, east and west of which half of a given past years, it is found that the distribution of car supply is such 
produet 1s produced ; then determine an east and west line, north that some sections of the cour try have too many and others too 
and south of which half is produeed. It is at the crossing of these few ears to handle the business. As a rule, cars are well dis 
edian lines that the center is located. In determining the cen- tributed in the spring, but when the erop-moving season begins 
ers used in this paper, other than the center of population, th there is always an abnormal movement of the car supply toward 
ter method was « mploved. the seaboard. At the height of this season the distribution is so 
mn" ‘ 1 . . ] . 1? 
lo theorize further on the two methods, the determination of abnormal that the supply of cars east of e Alleg! Mou 
. . . é ri jnn} ‘ (ha ant 
the crossing of median lines gives quite as useful and satisfactory tains is about 120 per cent and in the central part of the cour 
results as the first method, but it would not necessarily do so with try about 80 per cent of the normal supply. 11 conditio 
respect to everything, as, for example, citrus fruits These are prevails for several months. It oceurs, of course, because of thy 
vrown in Southern California, to a small extent in Arizona, and large amount of tonnage which the railroads must carry durin: 
in Florida. The actual center would probably he in the easter the fall and early winter. There is a very natural dispositior 
part of Southern California. If Florida produced approximately upon the part of the railroad lines to hold empt vs tor we 
the same quantity as California, a north and south line bisecting bound loading, hop that they may be reheved otf 1 ecess I 
= 
, ; : Ve 4 i \ 
SS) ‘ 2 
” e. > « 
. 2, 0 de Ee ee x», 
NOR 7 , f 
sy + ¥ , ’ 
, 12 7” 1 L A 7 
VA KOTA A a a 
: —_—" ~ aoe 
I Ml A A ig * . 4 i 
/ ‘e vA bad Te 
H > y 3 VA 
t 4 aw > 
_ DAKO wisfoney. Si aa a Oh 
: e f a ' ‘ 
i Y> > ae 
Y = 
yivaNl® n 
nail p-4 
, \ sQely 
> A ) 
- , 
\ . p® 
\ UT A ty < Nee 
| are ee | oa or, i 2 it 
a h oo 1A : 
r tine N A ‘ urRt 4 - 
\ . : oe a | MISSO 3 ’ - A 
j Ww ies ! Tot ru “a? 
Y | Preis ; rs vw 
\ [ car? u 
} mr ie . 
aD as; | t ss aout ' 
"Ilzonk { f ~ 
iwAy 
ee | MEX clo cat ot "3 
~ 
ie } | ( | } A et 
® Y ge | \ | jAl ABAM - ornoiaA ¥ | aa - 
> . ee | } j 
a | 
\ \ 1 \ om \ as 
+ \ . 1 aE i 
x oe 
\ \ — \ rise, [2 
. . Ww \ th — 7 - a & — 
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the total production might lie almost anywhere between California 
and Florida, and would certainly come in a territory of no pro 
duction. Fortunately, most of our fundamental staples are pro 
duced over large areas, and the method of determining the cross- 
ing of median lines is as aceurate and satisfactory as any that 
can be devised. Moreover, in considering the significance of the 
location of such centers, the normal direction of freight movement, 
which is always from the region of greatest production toward 
the region of less or no production, must be kept in mind. Grain, 
foodstuffs and feed move always toward the east, while manu- 
tactured products, for the most part, move toward the west. 

The centers as shown on the map have been determined by the 
use of the latest figures available. The center of population was 
determined according to the census of 1910. Many of the most 
important figures are founded on figures of the Census Bureau 
bearing the date of 1914, but these centers do not shift rapidly. 

THe Present FREIGHT SITUATION 

And yet with all this potential and actual wealth both the 
United States and Canada have suffered, for business has been 
hampered by the lack of transportation. There are many reasons 
for this condition, but the fundamental one is due to the fact that 
such an enormous part of the total production must travel long 


ot without load numbers and over long 


distances. 


moving cars In great 


beea Imé the demand 


extent this is justified, 
thi 


To SOTTIE 


for merchandise always increases after crops are moved and 


comes there- 


the farmers have the increased buying power that 


from. To some extent, no doubt, the railways lelay empty-car 


movements longer than they should to postpone this dead ex- 
pense. They are particularly prone to do so when there is a 
shortage of motive power and of man power, aso a shortage of 
fuel, all three of which conditions have prevailea within the past 
six months. 

During the latter part of 1919 and up to the present time, in- 
stead of working toward a normal ear distribution as might be 


expected during that season of the year, conditions have become 
increasingly worse, not only because of the three conditions just 
named but ot for 
export cargoes and of local strikes among the railway switchmen 


also on aecount the shortage of vessel room 


and dock laborers. In fact, vessels have lain at anchor in New 
York Harbor for weeks waiting for a place to berth. The whole 
situation has become almost intolerable and in many cases 
shippers have been put to great and unexpected expense. Three 


or four eases of excessive charges on export consignments shipped 
through the port of New York within the past few months are 
as follows: 














SEPTEMBER, 1920 


MECHANICAL ENGINEERING 


Case 1 6 barrels, weight 3v1 comimeres Somet} ‘ ‘ eA? 
I'reight to New York $4.94 quite active’ ar er Aer Gover 
(urtage t« warehouse ow 
{ - te thre rie ! 
Cartage t steal ! a0 ( migite ) ! ) 
Overt or de true 7.20 Kiver and tie ) ‘ 
( Oa tes, weight ( rench River and dow1 I ! ‘ 
l ght t New York SOM ’ ea s to ‘ ( 
{ ve re iM) , deratio Lhe ’ 
Cartuag ‘ t,t) 
will ‘ ) 1 ioe 
‘ . <5 a Cost pract “LOO OU OOO 
I N ) ‘ 
l rt t SM ( ‘ a €O ran ‘ 
( p | ( _ ‘ 
v4 ruino 
, ! Alb () | 
; { ‘ Thee t) Tie T 
, ™ ‘) ( ‘ ) ‘ 7 ) { 
| ré i) i ! T i i ! pr tt 
i 4 meri Stu 
) 0 ‘ ( ( rele aor 
‘) ‘ pre Te) ‘ 
) iar Fi ’ t co ol ! ( 
yt) if 
eon oO t on rious worts ar 
\ , pas OO0OL.000 NX ‘ ‘ é ) 
, O ) s have been « e Spanish-Ameri \\ 
‘ eCXDOM Se 
{ tiraete ! tte or ‘ ‘ 
Wha ! rf rT eral 
\bo ) ~ elo ‘ ro ( 
t nor t) ! t mortatior ‘ 
é ' ? ? count ( 
( } \ ! re ! 
‘ ! t} mpley ty 
ve Zt) I I } 
: ‘ , nei ns eost Vas SOU OOO OO j 
' : Fundam Spee 1914. 
P ' ’ ’ Tie ero I ; 
( rt S d «ek of 1 
! 1) 7 ell r t ‘ ! 
) y 7 ‘ { ! ‘ ! 
! mower’ ‘ 0 Ver hit hin ’ ‘ nl 
I I 1 Cal OF r ‘ 
‘ ! rl ‘ 
( ) ? rs ie ~ i ‘ \ i 
‘ ! ‘ rile ) ! ! easter? mie 
aque 0 he €% ral West 
\s ( Oo ! our @xp 1 . I> 
. . 9 . \ ot | ( nap I ’ I 
freight shoy hat we could load vessels a 
ha 1) aon ) ) eS ol Dp and 
rem i eg nn Sarees to Eurepean pos e the new Welland Canal? Abe zo, Gen. W 
= se € Peak load could be 7 ; on H Bixh thre ( ! ers | ‘ \; 
tremendous cear-m leawe could he avoided oy é 
Do ed ¢ r if a ‘ ) ob 
\ *T ‘) sfitiut ~ Tie ’ - T } ‘re te? ‘) 1 
\ ( Col 1t¢ I vreatest onnag ] il w that the Lawrence might hest ’ , . 
comes principally from the Dakotas, Minnesot 
: . ey ‘ errea ms. drown ( ¢ ( ? 
lhink of the car-mileage involved in transportir ; 
} } } ’ ' He} nto lakes, putting in lo } 
the Atlantie seaboard that could be saved if the wi r 
adesired his Sugevestior W cl DY (y ! 
- Pe eae Ie ; . st 
CaEeS & = UEVemeES Ports o Lake Superior, L does not « o have originated. of 
nd at Detroit and Toledo. Furth rmore any ra Pere | on 
: a (it l € surveys and tull er Ineeri cons ) ( 
pon wl i re Of this class originates that ! ; 
. . ‘ ‘5 — ang ” ‘ rT he veneral opinion hat 1p 
directiv te docks Without leaving its own rails, co ae ound the b st One of its ore d P 
hetter control of disposition of empty cars; they cou ( ’ . :, 
. ’ : fe : dentallv develop lara mo ! I 
west lor reloading not only without delay but witho he 
red tape and trouble incident to business that mus el RECENT Pro ss 
, 
tw or mor railway systems. } ‘ 
a , —" ae In the very early days of 1914 a committe 
he real remedy, then, for our annual freight blo: ile ' as ' 
Ce! al re nedy, len, for our innual freigh D nereial and othe r bodies in the Centra West Site W: 
see t } { ) n t rreat ‘ S so that eA! sels " 
vem 30 be to open the Great Lake 0 that ocea and took up with the Department of State the juestie 
i I 1\ nter an i ; se i ari S ports man | } 
may . 7 = a d make use of rm variou ports, Y with Canada in the making of adequate improvement he 
t which ur raluway systems ; vf ‘enter, fH ) al } } 
. x ea ' 2 — Micon: | : St. Lawrence so that both countries nugnt have 1 0 ! 
‘kno red fact S lee “: . ° to kno \ 
acknowledged fact, it is, indeed. rather puzzling nels and facilities suitable for ocear ing shin so the de 
we hi 3 sult t | * St an ars ss vreat thout I : one 
ve ive fered for ) many vear: » greatly wi velopment of th incidental power. Phe Dy ot State 
i st st emedy the hie . ' . 
real ep » 7 ner diffi ulty. officially brought up the question with the ( il n Gover t 
p I and it was pending when the War came on at hen of course 
AST MPROVEMENTS AND PROGRESS . 
( ANI I RI nothing was done. A littl over a vear ago the s ibe Was agall 
In applying our remedy such improvements of the St. Lawrence taken up and an organization known as Great Lakes-St. Lawrene 
River and of the canal across the Niagara peninsula must bi Tidewater Association was effected. thi purpose being to creat 
made that vessels of ocean-going type and large size can be in this country a sentiment in favor of uniting with Canada for 
admitted. The subject is almost a century old; ir 


1 laet, In an 
academic way it was thought out and diseussed much more than 
a century ago, and three quarters of a century ago a series of 
canals were built around the various rapids of the St. Lawrence 
River and across the Niagara peninsula. These, while adequate 
for their time, were soon outgrown. They were improved some- 
what so that vessels drawing up to 14 ft. of water might come 
and go. However, with the rapid incre 
these canals soon proved too small 


ase in the size of ships 
and have constantly hampered 


the improvement of the St. Lawrence both for navigation and 
power, This association has working headquarters in Duluth and 


it became active at onee. Generally, a most sympathetic feeling 
was experienced and Congress was appealed to and very prompt- 
lv passed a joint resolution referring to the 


International Joint 
Commission the problem of (a) an 


investigation as to the need 
tor the improvements; (b) the best method: (c¢) the probable 
cost, and (d) the proper and equitable division of th 


cost between 
our country and Canada. 











512 MECHANICAL 
The International Joint Commission is composed of three 
members trom the United States and three from Canada. It is 
that for eleven 
It was created by virtue of a treaty between the two 
countries, jurisdiction of all 
problems in connection therewith. 


a standing Commission has been in existence 


years. 
and has boundary waters and 

Immediately after our Congress passed the joint resolution the 
Canadian Government, by order in Council, took the same action. 
Following this each government appointed a conferee to con 
sider the exact instructions to be issued and to lay down for th 
International Joint the exact 
be done. Thess 


problems and 


Commission scope of the work to 


conterees agreed promptly on the 


The 


series ol 


questions. two governments also each ap 
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of the entire Atlantic coast of the United States and the Atlantic 
coast of Europe. The following comparisons of distance should 
be of interest: Rochester is nearer to Liverpool than New York; 
Buffalo is but a few farther; 
Belfast and all the Seandinavian and Baltic ports than New York; 
Detroit is but a few 


miles Toledo is nearer Glasgow, 


miles farther. From all our ports on Lakes 


Ontario and Erie it’ is 250 miles farther to Liverpool, London 
and the northern French ports and all North Sea ports via New 
York than via the St. Lawrence; to Glasgow, Belfast, Scandina 
To the Mediter 


ranean ports, however, the handicap via the St. Lawrenee is but 


vian and Baltie ports this differential is 500 mules. 


shght and not worth mentioning. It is readily seen, therefore, 


that distance is in tavor of the St. Lawrence route 





















pointed an engineer charged with the duty ol deciding upon the Another reason is that there are but 45 miles of rap ‘ 
engineering questions: that is, the best method tor making th these be drowned out by the building of the dams, there would b 
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States is Colonel Wootten, an army engineer stationed at Detroit. as the whole body of Lake Ontario, would give a re PVOIr Capra 
The engineer representing the Canadian Government is Mr. W. A that would be ample, so that the river flow might be almost abso 
Bowden, These engineers are actively at work. The International lutely controlled and the power production timed to meet the dé 
Joint Commission is now engaged in a series of hearings as to the mand. In fact, there is now under consideration by the two go 
need tor the improvement; they have had meetings and presenta ernments the question of controlling not only the tlow of the St 


tions have been made by commercial bodies and others at various 
points in Canada and in the states of North and South Dakota, 
Montana, Idaho, Wyoming, Colorado, Nebraska, Iowa, Minnesota, 
Wisconsin, Michigan, Ohio and New York hearings 


to follow in October. It is hoped that the Commission will reac! 


additional 


an agreement and file its report with the two governments next 
December. 


ADVANTAGES OF St. LAWRENCE RIverR ROvuTE 


To the American mind, of course, very naturally comes the 
question, Why the St. Lawrence? Why not an all-American 
route up the Hudson and into Lake Ontario? There are, how- 
ever, several very good reasons for favoring the St. Lawrence. 
In the first place, nature shaped the course of the St. Lawrence 
so that it runs from the heart of the North American continent 
directly toward the principal ports of Europe. This fact, how- 
ever, 1s somewhat difficult to realize from the ordinary map. 

Fig. 2 shows, as well as can be shown on a flat surface, the 
relation of not only of the St. Lawrence River and its outlet but 


Niagara River 


compensate for the diversion of 


Lawrence but of the as well, the being to 


PUT Pose tr 
water through the Chicago Drain 
age Channel. The Sanitary District Trustees have cffered to meet 


‘ 


the cost, which is comparatively small. This quest.on of control 


ot the flow of the St. Lawrenee will no doubt be merged with the 


improvement of the river for navigation and power. Dedueting 
from the 240,000 see-ft., savy, 10,000 see-ft. for diversion throug! 
the Chieago Drainage Channel, and reckoning on the remaining 
230,000 see-ft. at full head, the power development on the 100 
per cent basis would amount to 5,750,000 hp. If 70 per cent ean 
be realized, the development will amount to over 4,000,000 hp. 
Offhand, this would seem to be practicable. 

The first 113 the river from its outlet from Lake 
Ontario are international, that is, they constitute the boundary 


between the two countries. 


miles of 


The fall in this seetion, which is eon- 
fined to about 45 miles, is 92 ft. and the power possibilities, on 
practically 1,660,000 hp. Normally 
half of this would go to Canada and half to the United States. 


the same basis, would be 


(Continued on page 527) 
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to install testing plants within their own works. This enables correct runner design referred to before. Improvements ir 
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new special designs. The Importance ot tests of research work tube are based on a better unde rstanding ot the conditions « 
has best been shown by the evolution of the Francis runner, flow in various parts of the turbine, thus eliminating 
the development of which has been possible by exhaustive trials as possible impact losses and eddy losses in the water during its 


and intelligent applications of the results obtained. passage through the turbine. 
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Another significant fact is the long range of gate openings 
for which an ethicency ot over 80 per cent is obtained. In 
1911 results of experiments were published showing the average 
efficiency of tests then on record to be 85 per cent. This value 
° 


has been greatly exceeded, and a general increase of 10 per cent 


above efficiencies obtained twelve years ago can now be recorded. 

The low-pressure Francis turbines used for heads up to 75 
ft. are in Europe generally located in open flumes to which 
the water is conducted through an intake channel, the plant 
being arranged with vertical or horizontal shaft. The Ameri- 


can arrangement for this class of turbine is generally a singk 
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Fic. 3 MocKFJAERDEN HYDROELECTRIC POWER STATION, SWEDEN 


vertical turbine, and the most notable developments in hydro- 
electric plants have been with this type of runner. 

The power plant at Forshulten, Sweden (Fig. 2) is an ex 
ample of a typical horizontal low-pressure turbine plant. The 
units, of which there are six in operation, each with an output of 
3000 hp., are arranged with double runners on a_ horizontal 
shaft. They operate at 187 r.p.m. under a net fall of 42.6 ft., 
the wheels being placed in open concrete pits protected by sluice 
and strainer racks, the two runners discharging into a common 
cast-iron suction casing. The shaft is supported at each run- 
ner on two outside ring-lubricated bearings, in addition to a 
babbitt-lined automatically grease-lubricated bearing inside the 
suction casing. The practice of providing the turbines with lig- 
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num-vite underwater bearings has now been discontinued in favor 
of outside ring oil-lubrieated bearings, the bearing on the inlet 
side being made accessible through an inspection tunnel as in 
the present case or through a vertical steel funnel protruding 
above high-water mark. 

More than usual interest is presented by the arrangeemnt 
adopted at Mocktjaerden Hydroelectric Power Station, Sweden, 
on account of the power house being situated underground and 
using open turbines under the relatively high fall of 72 tt. Th 
arrangement of the plant is seen from Fig. 3, and comprises 
four units each having an output of 5000 b.bp. at 225 rp.m 
with double runners on horizontal shafts. Each turbine is placed 
at the bottom of a conerete-lined shaft and discharges into. the 
common tailrace tunnel. The powerhouse is blasted out of solid 
rock, the floor level being approximately 70 ft. below the sur 
face, whereas the switchboard and transformers are housed 1 
a separate building on ground level and communicate with th 
power house below through an inelined shaft. The alternators 
are directly connected to the turbine shaft and, due to the un 
derground situation, special arrangements had to be made to 
insure sufficient cooling. For this purpose the alternators are 
totally enclosed and cold air is foreed down a separate shaft 
and distributed through underground ducts to each alternator, 
the hot air escaping from the top of the housing and being ex 
pelled through the vertical shaft communicating with the surface 

Medium-pressure Francis turbines are classitied by the author 
is those operating between the heads of 75 to 150 ft. A umique 
installation of this type of turbine is the Porjus Power Sta 
tion, Sweden. As in the case of the Mock jac rden Power Sta 
tion, this plant is also situated underground, but the turbines 
are enclosed in steel casings and placed at the bottom of th: 
intake shafts about 160 ft. below ground level. The vertical 
shafts are cut through solid rock and provided with liners of 
steel pipes with an internal diameter of 11 ft. 6 in.; and with 
flanged connection to the turbine casing. There are five units with 
f 12,500 hp. each under a net fall of 163 
ft. running at 225 r.p.m. 


an average capacity 
The turbines are of the double type 
with two runners, discharging into the common suction casing 
The power house is also blasted out of solid rock, and is 36 ft 
wide and 310 ft. long, communicating with the turbine chan 
bers through the short tunnels which accommodate the shaft 
extension connecting turbines and alternators 

The roof is supported on a strong conerete arch, and by the 
provision of talse walls and roots leaving a space between the 
rock and the walls through which warm exhaust air from the 
generator is allowed to pass, all damp is prevented from pene 
trating into the power house. The generators have a normal out 
put of 11,000 kva. and 10,000 to 11,000 volis 3-phase current. 
The necessary switchgear and transformers are also in this case 
placed in a separate building on ground leve, a shaft providing 
communication between this building and the power house below, 
through which the heavy parts of the machinery can be lowered; 
in addition to which there is lift accommodation both for passen 
gers and goods. The line voltage is 80,000, the power being 
utilized for railway traction and for mining purposes. 

As an instructive example of the arrangement of the medium 
pressure turbine with horizontal shaft and spiral casing, Fig. 4 
shows a section through a unit of the Massaboden Hydroelectric 
plant used in connection with the Simplon Tunnel in Switzerland. 
Each unit is capable of developing 3500 b.hp. under a net head 
of 142 ft. at 500 r.p.m. The turbine is equipped with two run- 
ners cast back to back in one piece, the outside bearing being 
arranged with thrust collars to take up any unbalanced thrust 
in an axial direction. 

The noteworthy fact with medium-pressure plants as in the case 
of low-pressure turbines, is that recent developments seem to 
favor single-runner units on account of higher mechanical overall 
efficiency and less foundation work, coupled with lower initial 
cost. The decision in each case must be made on its own merits 
and with a careful consideration of local conditions. 

The outstanding feature in the development of the high-pressure 
Francis turbine is its adoption for use with increasing heads. To- 
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dav Francis turbines utilizing a head of from 500 to 600 ft. are to produce a unitorm welding heat For larger plate thickne 
not uneommon. the highest fall for which a Francis turbine has the “ wedge-welding ” method is resorted to, the edges being 
been designed being approximately 745 f1 brought together and a separate bar inserted, forming the weld 
The most important lnprovement in the Pelton wheel is in the With this method pipes up to a thickness of 1% n can be satis 
system of regulation which was necessary for new conditions of factorily welded. The material used in welded pips es is best 
electrical transmission, and the demand for accurate and reliable open-hearth steel, with a tensile strength of 56,000 Ib. per sq. in 
automatic governing. The inherent detect of the method of by-pass and a elongation ot 20 to 25 per cent in dl ()) weount ot 
regulation being lability to stick and excessive wear, together pressure surges plate thicknesses are caleulated wit ; ctor « 
with difficultv of insuring synchronizing action, re te rn othe safety of from 4 to 5, based on the strengt) e weld eq F 
introduetion of the detleeting nozzle In recent vears e con 100 per cent Pipes are made in lengths of an average ot 18 
bined spear and detlecting nozzle has come to the tron has ”) ft.. using riveted joints for medium pressur ‘ 0 
now beer adopted in most modern plants. A number « erent expansion jolts Tor } h pressure In the ! ( 
designs of this method of operation can be traced 1 or the 
three systems shown diagrammatically in Fig. 5. 1 a. 
the operating evlinder of the oil-pressure governor 
deflector and spear s multaneously whe opening, 
closing of the governor the defleetor will in the tir 
into the yet and divert the water trom the whee 
bh ow Ve he dashpe resistianmee ‘ 
supp cor to the load whet! I ( 
brought back Oo a position is ingential to 
The tree nt of the detlector, independet 
the ¢los ‘ ection, 18 In each case peri tted bb 
Liat t ! mechanical connectio pet wee 
ponvinas elopment in the design ot p 
the use of conerete for low-pressure lines where 
cost and aduratniityv give it a decided field of usetulne ‘ 
places concrete pipes have been used as a pressure lin 
Clal tor of reintorcement and treatment to exclud has 
been adopted Wood-stave pipe line is of value ber 
durability. low cost, and low coetheient of Trictior 
fore of practical advantage tor the construction of 
tion of pipe lines where suitable wood ean be procur 
(pene? —= 
I l ’ _ ‘ s Of} hR i 
ump ‘ the pipe ends are swelled 
Oo not obstruct the tree area ot the pipe 
\ turthe mprovement in he ol we ~ 
welded pipe, consisting of a number of solid forged ring 
on to the outside of the pipe and acd ing further strengt Lo 
pipe with a reduction of plate thickness. This innovation in pip 
design permits, Lor oh heads, the use of a larger-diamete pipe 
without exceeding the maximum limit of plate thickness to ob 
a reliable weld, thus reducing the number of pipe lines for large 
installations and the initial cost of installation Althoug! re 


present method of manufacture permits only short lengths o 


} 


reinforced pipe to be made, these may be welded together w 
a circumferential weld into lengths of about 18 ft. In high heads 
this method of pipe-line construction makes an appreciable reduc 
tion in the initial cost of the deve lopment. 


In his econelusion, Mr. Bergstrom shows the results of an vsti- 





mate of the available horsepower in the principal countries of 
' ial Europe and America. In the United States 28,100,000 hp. are 
1€ kia. 4 ONE Or Two Tursines or 3500 Hep., MASSABO ; : 7 
shown as available, 24.9 per cent of which has been developed; 


2,000,000 in Switzerland, of which 25.5 per cent has been devel 





The welded-steel pipe lines signify the most important develop oped; 4,000,000 in Italy, of which 24.4 per cent has been dé 
ments in recent years because of the progressive utilization ot veloped. Lowest percentages of development have been in Great 
high heads requiring close study of pipe-line construction. Britain, with 8.3 per cent of 963,300 hp.; Spain, with 8.8 per cent 
Welded pipe lines are exclusively used for high-pressure installa ot 5,000,000 hp.; and Austma-Hungary with 8.8 per cent of 
tions on account of their superior strength and absence of rivets 6,460,000 ip. These figures apply, as stated above, o1 t 
which obstruct the flow of water. Welded pipes are heated by Kurope and the United States of America, and do not inelude th 
means of water gas and welded under high-speed, mechanically vast resources in white coal of Australia, Asia, Afriea and th 
driven hammers which produce a weld of approximately 95 to 97 South American continent. (Journal of the Institution of Me 
per cent of the strength of the full plate. After welding the pipes chanical Engineers, Feb. and Mar. 1920, pp. 55-151, 51 figs. Also 
are annealed to remove all internal stresses. The foregoing in Engineering, Jan. 30 (pp. 140-143), Feb. 6 (pp. 191-195) and 





process is only suitable for material up to about 114 in. thick, Feb. 13 (pp. 227-232), 1920, from which journal the illustrations 


as above this thickness the heat would not penetrate sufficiently here used have been reproduced. ) 











The Kaplan Hydraulic Turbine 


Professor 
{ the Francis type. In 


water acquires a certain predetermined 


turbine, designed by Kaplan of 


"RHE Kaplan 
I Betnn,” 


run Austria. is a development « 


a Franeis turbine the 
turbine wheel 


flows under the 


runner bl 


velocity and direction, and then 
where it is detleeted by the ades in such a manner as 


to pass into the suetion pipe as far as possible without loss. 
The Francis 
that is, the 
enters into the turbine wheel, and the pressure nead is only 


turbine belongs to the class of pressure turbines; 


water possesses a certain excess betore it 


pressure 


partly converted into velocity in the guide apparatus. 
The depends, therefore, upon tli 


blade 


efficiency of the turbine 
this 


providing tor the 


angle and latter in its turn is determined by the 


necessity of entrance ot water as tree ol 


shock as possible. This again is accomplished when the run- 


ner blades are inelined with respect to the cireumterence ot 


direction of the tlow of the entering water. 


(Fig. 1) 


velocity of w,, then it has 


the runner in the 
In other 
apparatus 


words, if the water enters from the guide 


with the 
to the 


runner 


yt ; 
LMtO Lilie 


relatively with the 


The angk 


is the true angle of 


ilv a velocity runner moving 


peripheral velocity y,. 





> between wu, and v 


entrance with respect to the 


1 blade By varying this ang 


Hass Th to vary the velocity ot rota 





wir -g ion oO he turbine within certan 

Fic. 1 Vetociry DIAGRAM imits, acute angles giving low veloc) 

OF MEDIUM-SPEED FRANCIS ties of rotation, and large angles hig 

TURBINI elocities of rotation, while the so 

called normal runners require rig 

angles. In addition t is, slow-running turbines are built with 

runners oO as large a diameter as possible, and fast-running 

turbines with runners ot small diameters. In this wav various 

tvpes of turbines with their characteristic design are secured, and 

the original article gives illustrations of two such runners, one tor 
slow speed and one for high speed. 

It has been usual heretofore in designing the runner blades 

to divide th irbines into so-called elemental turbines and te 


determine the proper dimensions ot cross-sections tor each line 


e tlow to be as tree as possible from losses. 


that 


bas« d on 


of flow, assuming 

It is 
all these rules 
He, in his tl 


importance to the question of Triection, which has been hither- 


claimed Professor Kaplan has entirely deserted 


the so-called theory of “water-filament 


flow.” eory of turbine design, attaches as mucli 


to practically neglected, as has been done by others to the char 
According to his theory, other conditions being 
blades that 
, the flow of 


efficiency 1s 


acter of flow. 


similar, it is the number ot has the determining in 





portance. If it is teo smal water suffers, and it 


large, then the reduced. 


effort to 


is too 


“In an create a turbine of maximum speed Profeg- 


sor Kaplan the first place shortened as much as_ possible 


the length of the blades. Furthermore, he found that a large 


This led him 


runner clearance does not harm in any way. 
to locate the blades further and further back of each other 


until he obtained a actual flow. 


that he 


runner having only Finally, 


it is claimed succeeded by proper selection of the sue 


tion pipe in reconverting a large amount of the energy of the 


water at discharge into pressure. 
All these changes led 
bine 


new torm ot tur- 
Fig. 2. 


to what happens in a Francis turbine, the water flows throug! 


to the design ot the 
such as is shown diagrammatically in Contrary 


out through the runner in an axial direction and the deflection 
ot the 


tus is 


water in the runner is eliminated. The guide appara 


designed in the same manner as in the conventional 


Francis turbines, but the vanes are so arranged that the water 


longitudinal edges, but 


The guide-wheel cover has been 


discharges not only along the also at 
the front flat. 
According to the prevailing opinion, the water left to itself 
after frem the 
its velocity through 


edges. made 


should lose most of 


annular 


its exit guide apparatus 


turbulence in the formed 


space 


by the flat cover, and at first glance it would appear that the 
dead space at FE would untavorably affect the flow of water. 
The two lines of tlow S. and S, show, however, in what a pow 
erful manner the water is deflected between the guide wheel 


and the runner 


It is claimed that the Kaplan turbine has several advantages 


ol design, ot wl 
The shatt 


center ot 


ich the following may be mentioned: 


have its bearings located nearer the 


than is the 


turbine can 


gravity of the runner ease in the Fran- 


This results in a stable, comparatively light con 


the difficulties due to 


eis turbine. 


struction, avoiding unbalancing which are 
encountered in Francis high-speed turbines. 


The 
tube at its 


smaller in diameter than the draft 


This 


the runner into the «casing both trom the draft-tube side and trom 


runner is somewhat 


narrowest place. makes it possible to 


the guide-wheel cover side, contrary to what is the case with high 


speed turbines, which ean be installed only from the dratt-tube 


side, which is not always easy to do. 


The diameter of the runner boss can be kept comparatively 


small: likewise the free blade area F is considerably smaller 
than in the Francis turbine The weight of the Kaplan rut 
ner is therefore very much smaller, in taet, it is claimed to be 
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Fig. 2) SeEcrIONAT. Virw o INAPTAN ‘I 
Leitshaufe guide vane Laufrad, Runner; Saugrohr, D 
on the average only about one h ot the weight o . Franeis 


wheel of the diameter. Furthermore, the method 


oft holding the 


Sine 


blades is eliminated, as a result ot which it is 


claimed that a Kaplan runner can be made in about one-fourth 


the time required to make a Francis runner. 


The prineipal advantage of the new construction is claimed 
to he, however, not in_ thes advantages allecting eonstrur 
tion, but in the fact that with a Kaplan turbine speeds be 
come attainable which are bevond the capacity of the Fra 
cis turbine, in addition to which the efficiency of the turbine 
at various loads varies in a more advantageous manner than 
with the conventional turbines. These points are irther eluci 
dated in the following manner: 

It is important to have hydraulie turbines ru t as hig! 


a speed as possible, beeause this permits a more economical 


utilization of the electrical usually eonnected to 


generators 


lem; and it appears that the most economical speed of ro 
tation for the generator is from 200 to 300 r.p.m. for powel 


outputs ot trom 500 to 5000 hp., and trom 400 to 600 r.p.m. tor 


power outputs of from 100 to S00 hip. 


These speeds are beyond the range ot Franeis turbines, un 


less the head of water is very large and the volume of water 


small. This results in uneconomical plants: for low water heads, 
and in illustration a caleulation is given showme that in a low 
head plant with a turbine having an output of 5000 hp. and 
running at 83 r.p.m., the generators at peace-time prices would 
150.000 $37,500), while if the 
be run at 250 r.p.m. the cost of the generators would be only 
100,000 marks (say $25,000). 


cost marks (say turbine could 


Furthermore, the high-speed tur 
bine, all else being equal, would be built much cheaper than the 
low-speed machine. 
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The low-speed machine is uneconomical from another point 


of view: namely, that where large volumes of water have to 
be handled a large number ot units have to be ised, since other 
wise the velocity would have to be excessively low and_ the 
units excessively larce Numerous small units, however, are al 
Ways more expensive than a few large ones 
A good insight into the question of the speeds available y 
various turbine types is obtained by emplo the « neeption 
of “speeilie speed,” which may be ealled “unit spec In this 
the volume of water handled and the head of wate tor a wivel 
turbine are eliminated, and a unit speed determines ra given 
tvpe of runner. By such a unit speed understo need 
at which a machine similar in construction to 
bine would have to run when delivering 1 hp. und , id of 
1 m It a irbine delivering WN hip. with a hese Hl } 
I onus per minute, its unit speed oli. 
\ 
} vl 
HJ/H 
he follown men ire given for the ¢ 
¥*) SO to Pelton wheels 
ww » 100 r Francis slow speed whe 
LOO to BOO r Francis normal-speed w 
“yy (00 for Francis high speed Wher 
\ mipared wit! hese, a ery mu I 
sib } Kap irbine rhe first o 
in * Swede eeds of from 500 GO 
te | il High School | ' 
aT ‘ in) 1600 have been ob ond 
hy 0 R 

| ‘ have i el ‘ ( st) 
per ¢ I ( ‘ depends, howe 
turbir rbines havi pool 

\ ( | ’ ws how ‘ ( eney 
lOuwds hy ‘ robine runt r wit " , 
200) \s irbine has bee : ‘ vitl 

ive ‘ ‘ water equal to ree ) 

la 0.75 load 1 s 
vh ternially with smaller lo 

| } S pray with the brake diagra ) ! 
pine pp ‘ | } Il car eC 
i! he | ‘ namely, 700, ‘ ele 

ry Th | but remains practically thi e) 
range ol tron thout one-half to full load. 

In this connection the eurve shown in Fie. 5 rf e! 
ib secured trom a brake ! 
bine gnstalles er Austria and designed t rate at a 
ui speed of rotation of about 700. The whee ' el 
0 only 600 mm. and was designed to deliver about 5) nm. with 
Ll eu. water per second and a head of 3 n \ how! 
by the curve, the efficieney rises from full load to on ad 
and eve it 40 per cer of the specified volume ot v it Is 
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still close to 83 per eent Brake tests were made or he I 
bine under the same load but with various heads of w er and 
various speeds of rotation and these tests have also wn a 
remarkable uniformity in efficiency. 

This lack of sensitiveness of the Kap turbine irlations 
in the volume of flow and nu he ead riicular portal 
in low-head installations, as mak OSSD ynnild the 
turbine ton he maximum availabl oO e 4 ne her 
onerate 0 <1! hey ‘ rhe ine ve i i ‘ ‘ ] 
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Kaplan turbine, for only the runner has to be e ¢ 
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of the National Electric Light 


Association Committee on Prime Movers 


6 Nerve important feature of the past vear’s development is the 


ot water wheels installed. The growth ot op- 
this 


units of approximately 40,000 hp. capacity having been installed 


increased siz 


erating systems makes feasible increased size, individual 


and larger ones being contemplated. One large manufacturing 
company reports the starting of a total of nearly one-quarter of 
in ot 
are a large number otf 


a million kilowatts in large hydroelectric units 
over 12,000 kw. each. In 
smaller vertical direect-connected wheels being installed 


ditional or replacement units. 


generators 
addition there 


as 


PROGRESS AND DEVELOPMENT oF HypraAULIC PRIME MOVERS 


The tests of the large water wheels in place show remarkably 





ad- 


high efficiency, which makes it profitable in a great number of 
cases to replace old installations with new. The new large units 
are uniformly distributed over the United States. Many of 


the older hydraulic developments which used dams and canals, 
individual now 


fall 


supplying widely seattered water wheels, aré 
planning a single hydroelectric station to utilize the entir 
and transmit the power electrically. 

Several large units have been started and continuously oper 
ated for over a year without a single shutdown on account of 
wheel troubles. 

A new type of water wheel for low-head plants using an ex- 
ceptionally high-speed runner has been developed by Forrest 


Nagler of the Allis-Chalmers Company. 
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Four 15,000-hp. tangential wheels for operating under an et- 
fective head of 1008 ft. have been ordered by the Great West- 


ern Power Company. These wheels contain 21 buckets, each 
36 in. wide and 24 in. deep, and water is supplied from 13 
nozzles. They are to operate one each overhung from the ends 


of a 22,200-kva. generator shaft running at a speed of 
rpm. It to state that 
recommended 


171.4 


may be of interest several water-wheel 


and 
for this head at a speed of either 600 r.p.m. or 750 r.p.m. 


manufacturers designed Francis-type wheels 
The 
operating engineers, however, were afraid that the erosion on the 
clearance passages and gate mechanism might be rather severe 
when operating under a pressure of over 430 lb. per sq. in. This, 
coupled with the fact that it would require a turbine-tvpe genera 
tor with field which for charging 
conditions on their long transmission line, led them to choose the 
impulse wheel. 


smooth-core was not suited 


There are at present under construction some S800-ft. Francis 
wheels for the Southern California Edison Company, to be run 


22,500, 


600 r.p.m. and deliver a maximum horsepower of 

Automatic hydroelectric plants are receiving considerable at 
tention. These plants operate without attendants, and the gate 
openings and output are regulated according to the water sup 
ply available, by float control from pond level. 
These plants may be tied into a local power system or be run 


the 


means ot a 


in connection with a steam station which takes care of flue 
tuation of load and varying flow of stream. 

There is a radical tendeney, where climatic conditions are ta 
vorable, to confine the power-station building to the housing ot 
control apparatus only, locating generating apparatus, step-up 
transformers and high-tension equipment outdoors. 

General practice is divided between the centralization of aux 
liaries and a tendency to make each large unit self-contained 
with its pumps, ete. A 
is accomplished by 


own exeiter, governor, satistactory so 


lution of this problem having individual 
speed-control sets for each of the main units and by having an 
emergeney pipe connection from each individual set to each ad 
jacent set. Each main oil-pressure set is of sufficient size to 
operate two main units under emergency conditions. Thus all 
of the advantages of the central oil-pressure system are com 
bined with the advantage of the individual system. 

HyDRAULI 


OPERATION AND COMBINED OPERATION OF 


AnD STEAM PLANTS 


HypRAULI 


The combined steam-eleet ric 
generating stations has become a subject of vital interest to the 
central-station industry. It 


the 


operation of hydroelectric and 
will be increasingly important in 
future, since the marked trend toward interconnection will 
bring more and more steam plants into parallel operation with 
hydraulic plants, and will make possible the development of 
Yet 
Individual 
companies and systems have made more or less careful analyses 
of their own conditions and problems, but there has been little 
information exchanged or published. 


water powers which cannot now be utilized economicaily. 
intensive study of the subject is comparatively new. 


During the past year the 
committee has considered or has had brought to its attention a 
large number of problems. are listed below with the 
idea of having before the committee an outline to be followed 
in future work. 


These 


The problems of combined operation and hydraulic operation 
may be classified under the three heads outlined below: namely, 
(1) problems of the combined system; (2) problems of the steam 
plant; (3) problems of the hydraulic plant. Some problems ot 
purely hydraulic operation are included in the third group, al 
though they do not depend on combined operation. 


I—PROBLEMS OF THE COMBINED SysTEM: 
A—Parallel operation of codperative systems: 
1 Contract relations between hydraulic and steam plants 
2 Advantages and disadvantages of interconnection 
3 Division of load between hydraulic and steam plants 
(a) High-flow operation 


(b) Low-flow operation 
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4 Division of 
plants 


wattless current between hydraulic and steam 


5 Frequency regulation and governing 


6 Relative reliability of hydroelectric and steam-eleectrie sery 
ice, 
B—Parallel operation of non-codperative systems: 
In this group there are other problems which are chiefly 
electrical and do not fall within the scope of the Prime Movers 


Committee, but it should be mentioned that a complete study of 
combined operation would include the following problems: — In 
creased and 
may 
protective 


damage to property interruption to service which 


result from greater 
methods; the 


the effects of 


capacity feeding in so short-eireuits; 


use of reactance to limit) short-e:reuit 


currents ; such reactance on voltage and synchro 


izing power; voltage regulation; synchronizing power of ti 
lines. 
[1—Pros.eMs or THE STEAM PLAN’ 

1 Standby service 

2 Minimum load on steam turbines 


Time required to start up steam turbines 


5 

t Shutting down steam plant during “off-peak” hours 
5 Banking practice as related to combined operation 
6 Novelties 


7 Station design as affeeted by combined operation. 


and difficulties in operating 


11I1—Proe.temMs or THE Hypratiic PLANT 
1 Efficiency measures to secure maximum output or water 
economy 
2 Measurement of water 
3 Dispatching of water and hvdrograplhic methods 
(a) When the water is used by only one plant 
(b) When the same water is used by two or more plants 


4 Iee troubles and methods of fighting sam 
5 Power requirements and operation of auxiliaries 
6 Planning of maintenance, inspection, and repairs 
7 Operating rules and procedure 
8 Novelties and troubles in operating 
9 Station design as affected by combined operation 

From this analysis of the problems of the combined operation 
the report considers the points in detail, outlining the informa 


tion required for further reports and giving some data that have 


been diseovered in the solution of the subdivisions of the prob 
lems. The report states that every system must constitute a 
separate problem, but it is believed that many principles and 
conelusions will have a common application to a large number 
of systems. In abstracting the remainder of the report, ma 
terial will be included only where new information has been 
submitted. 
I—PrROoBLEMS OF THE COMBINED SYSTEM: A-——ParaLLEL OPER 
ATION OF COOPERATIVE SYSTEMS 

1 Contract Relations Between Hydraulic and Steam Plants. 
The ideal in every combined system should be minimum over 
all cost of delivery to the ultimate consumers. ‘che solution of 
the problem, where hydraulic and steam stations are sepa 


rately owned, lies in some sort of flexible arrangement on a co 
operative or cost- and profit-sharing basis in which rigid limits 
of power and and the maximum 
put of the hydraulic plant is utilized as far as possible 

a solution 


energy are disregarded out 
Such 
furthers the conservation of our natural resources in 
which the central-station industry is vitally interested. 

3 Division of Load Between Hydraulic and 
this the attention to 
where steam generation is necessary in spite of the fact that the 
hydraulic plant is carrying the load. Such steam generation 
may be necessary for maintenance, economy or safety of steam 
plant equipment, or 


Plants. 


Instances 


Steam 


Under head report calls some 


reliability of service. Unnecessary steam 
generation may be caused by faulty governing or load dispateh 
ing. Under a discussion on the unnecessary steam generation 
due to faulty governing or load dispatching, the report points 
out the necessity for a graphic meter giving total station out 
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put for each generator station, and the necessity of means of ers as 0.112 Ib. of 13,500-B.t.u. coal per rated boiler hp bank 
communicating output figures from all generating stations to ing hour. The pressure being allowed to drop about 15 |b be 
one central point. low normal, coal was added after 16%4, 23%4 and 10 hours. ‘The 
The importance of not having the hydraulic capacity of the steam generated after the bank had nominally begun was ap 
turbine limited by the generator capacity is also emphasized proximately measured and an equivalent amount of coal de 
$4 JPivision of Wattless (Current Between Hudraulic and Steam ducted In a similar test on oil-burning boilers a value of 0.046 
Plants i the ease of a hydrauhe plant operating i parallel lb. of oil per hp-hour was found his equivalent i eating 
with the steam plant, the problem consists of comparing ag value to 0.063 Ib. of 13.500-B.ton. coa 
vyregate steam costs tor high load tactor but increased steam ‘) Voveltu and Jhiflicult n Operating he eres ire 
reneration due to hydro losses, with steam costs tor a poor load changes in load on steam plant are ver rrea increased wher 
factor but a smaller amount otf energy output If the hydro the hydro plant takes flat load during hig! ow ond 
plant has ire torage or high head and littl iin: veke on makes a toreknowledge ot load vanmations esse. , ol 
water, so that the reduction im head due to low load exeessive blowing off rough safety valves or reduc ! 
not great, it will usually be found that it as most ec drauhe output To assist in estimating load in the boiler roon 
for the hvdro plant to take the poo! load tactor e ] ilt the Ashlev Street Station of the Union Eleetme Lig! al Powe 
mav b re ersed if the percentage loss of delivered output tron Company of St. Louis operating parallel] with the M l 
he hvdro plant is considerable and if the peres ‘ ere sippi River Power Company and equipped wit number of 
of steam costs due to lower load tactor and variation varying sizes and types ot generating units ol whi a Kile 
ble watt load does not give an aceurate idea of the boiler roon 
6 Rela e Relat / f Hudroeleetr Steam-E li has adopted a novel unit called the “ kilber hi ber 
Nervice The report is quite positive in its statemer er LOO0 Ib. of steam pel hour The boiler room is re ‘ 1) 
veal part cularly, the dividual hvdraulhie prime mever is mol the number of kilbers required, an estimate whiel fur nec 
rehable than the dividual steam turbine The prese from the switchboard at half-hour intervals. 
PE SATIS EST LS CEE 111—Prostems or tHe Hyprautic PLAN 
ped with a kK bury bearing seems to give almost pertes 
tinuitv of servies It hear early alw ] I cen Veasure to Secure Maximum Oulpu Vate 
dro anim ean be restored betore the stean Economy. ‘The report contains a detailed consideration of the 
t large proportion of the load even with a numbe1 operation of the Holtwood Station for information under the 
held re ie nade ot bank.” As a resu Wi ! Pr above heading This station operates most of the time in para 
ervative construction of transmission lines, there is ver ‘ el with one, frequently two, and rarely with three, steam-gen 
pure stand-by service e East and Middle Wes () erating stations Knergy is transmitted at 70,000 volts to Bal 
Pacific Coas vyhere use of vl oil makes quick , , timore, Md., 40 miles distant, and to Laneaster, Pa » mile 
ransmiissio1 ereat length with considerabl hey distant 
tag drop, exte <tand-b =} re eo hie Holtwood Station is on the Susquehanna River, the ow 
of which varies tron bout 5000 to about 700,000 cu. tt. per see. 
LI Pix iS 4 S cP The average height ot the dam is about 5d ft nd ftlashboar« ( 
] Sfa by Ser ( | = stated that eoaul-but i height of 2 I or $1), | ace ding to the season, are usual 
lertec stokers ¥ reed dratt an ul ! a1 stalled on the = crest Exeept during high floods a ex 
ntrol, or chain grates with forced dratt ma 1M ! treme low flow, the working hea aries trom about 47 tt. t 
bine for quick starting Future de yy " O2 it The area of th pond at the elevation of the dam eres 
neo the e of usine oil and coal under the same boil s less than four square miles. There are eight mai irbines o 
adaptis ry pulverized tuel tor large central-station e vertical-shaft, inward and downward tlow Francis type 
(he example of the municipal plant of Zurich, Sw ! The total of the turbine ratings is 118,000 hp. (ratings ar 
cited as demonstrating that during off-peak hour d-| not, however, at the same head). The actual maximum sus 
iler pressure may be supphed electrically fro. | hvdro tained capacity of the plant is about 83,000 kw. Seven of the 
aitiete plant In this « nly the use of electricity oO ‘ turbines are set in wheel pits with two runners per shatt he 
ere was no market was more economical than payin ol eighth and newest unit is a single-runner turbine s re 
nking eoal. intoreed-eonerete seroll case. 
> Minimum Load on Steam Turbines Motoring, « wit Tailrace conditions are such that, with no flow over th dam. 
certain amount of steam entering the turbine, dropping below the tailrace elevation at the power house is about 14 ft. higher 
certain minimum turbine load, and sharp fluctuations of load at full load than at no load. (Report of Committe: n Prime 
regarded as injurious to large high-speed steam turbines Wovers, presented at 43d Convention of the National Electrie 
many operating engineers in Eastern plants Light Association, May 18-22, 1920, pp. 105-128 
On the Pacitie Coast, however, the steam turbines have bee 
vated on the line with practically no load, and in some cases, ; 
svnehronous condensers, with less than no load steam ente) Short Abstracts ot the Month 
the turbine without apparent damage. 
} Shutting Down Steam Plant During ‘OF Pea Hours . . — . ravers . 
woid the difficulties caused by accumulation of water in pipe ENGINEERING MATERIALS 
es and leaky joints, occurring in the steam plant during shut Srupy oF IMpact Tests ON ALLoys, Austin B. Wilsor Im 
vns, some plants operate at least one boiler at near normal pact’ tests are of interest as comparatively little is known of the 
ing during the off-peak hours and use the steam thus gen properties of metals under this type of stress. In the present 
ted to operate a small unit, circulating the steam through case tests were made of three distinct classes, namely, MeAdam 
the steam mains before it reaches the unit. In other cases impact-shear tests with unnotehed bars. Kremont direct impact 
generating plant is shut down entirely, but steam is blown — tests with notched bars, and Landgrat-Turner alternating Linh pane 
lor some time near the turbine inlet before the unit is started tests. 
Several series of tests of each kind were made. At first ma 
Banking Practice as Related to Combined Operation. A chined bars were used. but the tests indicated that it was not 
to machine the bars. Seeond, the bars were heat 


eam plant carrying the peak loads of a combined system 
load factor and therefore has an 
The report gives the result of a 


ites at 
oOunt of 


nking test on : 


a poor 


banking. 


Inere ased 
12-hour 


1 822-hp. Stirling boiler with underfeed stok 
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necessary 
treated by quenching from 920 deg. cent., reheating 
This, it was thought, would increase 


In 


op 
to 600 deg. 


cent., and furnace-cooling. 
the resistance to impact-shear, but such was not the case. 
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Fic. 1) Layour ror Perron Turnine Beckers 
seneral, it was found that the aluminum bronzes tested excelled pany of Budapest, and were installed in 1907, to work with a 
any ol the other bronzes of the series in resistance to pact by head of water of LOLO ft. Each Pelton wheel consisted of two 
shearing. 4-ft. diameter steel disk runners and each wheel was titted with 22 
Aluminum bronze also showed high resistance to direet impaet staggered buckets. Both the buckets and the needle and nozzle 
where notched effect was present, likewise if surpassed other 


bronzes in resistance to failure through fatigue. 























Data of the tests are presented in the omegimal article in thi 
form of tables but no analyses of the materials tested are given | 
Foundry, vol. 68, no, 352, August 1, 1920, pp. 616-617 and 622, — 
— —_—— Linenatnenennnnnninatnannannnnanny 
1gs., ¢ i 
“+ 
HYDRAULIC ENGINEERING ; 
Pelton-W heel Bucket Design 7 
Perron WHEEL Reconstruction, Percy Pitman. Description 
of a reconstruction carr d out during the war period. The work - 
was difficult as it had to be carried out on the turbine as it stood 
ee > Se c\ 
—_——___.. 
ut Se 
Fic, 5) EXPERIMENTAL Nozzie ror Use In Penton WATER TURBINI 
were of an extremely bad shape and were continuously breaking, ’ 
which was particularly dangerous in view of the high peripheral 
velocity employed. 
The portion of the paper describing the new installation is of 
particular interest because it presents a complete layout for the 
new buckets, a thing not often found in engineering literature. 


The bucket, Fig 1, is of the usual Pelton shape with the excep 
tion that it is slightly curved on the dividing wedge, and also on 





the bottom face of the bucket in a radial direction. The purpose 
of this is to give a larger radius of effective action after the 
bucket has passed the theoretically best position; that is, when 
the bucket face is at right angles to the entering stream. 
The drawings show the points from which the various radii are 
struck. The methods of setting out shown are applicable to 
in the power house and only the top cover could be removed, almost the whole range of impulse waterwheels, providing load 
which made the position in which to work very cramped. conditicns, head of water, size of nozzle, and speed required are . 
The turbines were of the Pelton type made by Ganz and Com- taken into consideration. 





ic. 2.) Percy PiIrmMan GOvERNOR FOR PELTON WATER TURBINI 
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The author designed a separate govet 
















ior for the automatic regulation of the | | 

needles to enable the plant to take care Fa in 

of load changes, and at the same time | | / *) 

economize water, This is shown in Kig | : — a \ 

2. The bad stream lines made by thi . | \ | / 
existing steel nozzles Ro are shown by | Le 


} ' 


dotted lines NV. The new bronze nozzles 
R rive a mueh = straighter path \ 





through the nozzles. JT and 7, are the 
trunnions and G and G. the e@lands, 
while oS ;s the T shaped supply priyre 


The springs M and VM. shown in Fig. 2 


wer clespornes t« Improve matters, but 


ortunately up to the present the plant 


j CO not be spared the necessary length 
ol Titre té earry out suct al desirable 
provement. The old Ganz buekets 


needle and nozzle with 420 Ib. pressure 





0 ( ave gave 970 kw. corrected, and 
byrne \ h the « ! oe 
d spear which was not made 
) ! e 1082 | ind atte 
| i ub int il COrrectiolr factor 
0 } re i l owed al mMerease © 
i I 1 re ! reuse ll etherenes ‘ 





Experimental nozzles were also made 


brow e, nto which were dovetailed 
. qr head 
ir rustl ste bylaacle which were 


SECTION ON Xx 


round and highly polished up to a thn 





te-edge on tl inside, as shown In 
hig 3 These no zles proved to be a aT 1 AN | 7 a xp \ ' Cs 
mprovement, producing a jet ol 
traordinary solidity. ame transparency, tl water 
! ssuing almost like a glass rod The eleetri 
the power statior claimed that ther Was al 
een of 5 per cent due to this improvement 


Ordinanly the swinging or rotative character of the str 
wed great vibration which seems to have produces 
me sort in the steel blades, causing them to break off 
fferent intervals after they had been in use for som 


An intensi\ analysis of the detects of the turbine Cylineler 








to reeonstruction is given in the original article | “Head 
} L109, neo 28-4 a June D5. 1920, }>}) Ss.) s oi 
} S 
] Ss 
» , > r : ‘lp . N 
VTERNAL-COMBUSTION ENGINEERING 
Cold-Starting Oil Engine + 
, s 
INusgcTion Rusto~n anp Hornspy Crupe-O is 
. Ruston and Hornsby engine is of the so-eall ut Ss 
S 
tvpe, and depends upon the heat of compres = 
iol ft the charge. It is ¢laimed that a fuel cor 
Derow 0.4 ith. of fuel oil per b.hip. ut ull load has rene tn) 
. ead without ditheult, 
lhe engines are built of the single-cylinder tvpe u ll 


ning from 15 b p. to 170 b.hp., and of the double-cyvin 
type in 5 sizes, from 100 b.hp. to 340 b.hp. 
fuel pumps and valve gear for both eylinders are «1 
a single lay shaft running along the mght-hand sic 
. ngine, the eecentrie operating the inlet, and exhaust valves 


x keved on the extreme end of this shat' The motion ot 





ecentme is transmitted to the valves by means of ro 





(Figs. 4 and 5) which give a more rapid opening and 


a ¥f 6: would be obtained by the ecet | wenn lia. 6 ATOMIZER AND DOUBLE Fu! 
The small handwheel seen near the eccentric is for the Heavy Ow ENGIN! 


ose of relieving the compression by raising the exhaust 


s slightly from their seats about 5 per cent ol the total tuel consumption at full load 
Vhen working with the lowest grades of tar oil, it is neces It is ealled the pilot oil and is foreed to the atomizer ince 
& , In order to insure proper ignition of the charge, to in pendently of the main supply by means of a separate cam-driven 


just ahead of the main charge a very small quantity ot pump. 


or Other more inflammable oil. This only amounts to The construction of the atomizer and double fuel pump 1s 











522 MECHANICAL 


Fig. 6. 
with the main supply of tar oil. It 
valve and 


shown in The single main pump primarily deals 
takes in fuel through the 
to the atomizer through the 


The by-pass valve controlled 


main suction delivers it 
discharge valve in the usual way. 
by the governor is not shown. 
Above the main suction valve is the pilot valve, which con 
sists of two plungers of different diameters, the lower and larger 
one being acted upon by the pressure of the main fuel. At 
every stroke of the main pump the upper and smaller plunger 
is raised the the the 
the fuel oil on the lower one. The upper plunger theretore 


against action of spring by pressure ol 


acts as another pump on its own aecount, and by means of its 
own suction and discharge valves it forces the pilot oil through 
the atomizer separately from the main supply. 
the amount of pilot oil delivered 
at every stroke can be regulated by 


With such an arrangement 
varying the stroke of the 
pilot pump. Also, the pilot oil is necessarily injected imme 
diately in advanee of the main fuel oil, which is the required 
(Engineering, vol. 110. no. 2844, July 2, 1920, pp 


article, 22 


eondition. 


7-10, figs., d) 


serial 
S/ot governs position of cam 
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Pic. 7 AIR-STARTING MECILANISM O1 


IoNGING 


roe INGerRSOLL-RAND PR Ow 


American Heavy-Oil Engine, Intermediary Between 


Diesel and Semi-Diesel 
INGERSOLL-RAND P-R Orn EnoGine. These engines are of the 
heavy-oil type and yet neither straight Diesel nor hot-bulb. The 
P-R is of the low-compression self-iguiting type, but without 
hot plate or hot spot. 

The engine is started by compressed air through a distribu- 
tor (Fig. 7) which consists of six air valves V, for each 
Below 
operated by a gear B from the side shaft. 


turned on, the six 


one 
these air valves is a cam ( which is 
When the 
down by the air 
the action of springs and are closed, with the exception of one 
valve which strikes the top of the cam. 


of the eylinders. 
air 1s 
valves are driven against 
This valve being held 
open by the cam, permits the air to pass to the cylinder which 
it controls. 
cam likewise turns, opening each valve in succession. To re- 
verse the engine, it is stopped, the cam is moved to its oppo- 
site position, and the air valve opened. 

When the engine is absolutely cold, the ignition at the start 
is assisted by means of a small electrical starting element lo 


The engine turns in a given direction and the 
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cated in the combustion chamber and heated to a dull red. 
This heating element is used only for a few revolutions and 
then diseontinued. It does not act as a hot point or hot bulb, 
and after the engine is warmed up, the heating clement may be 
removed and the engine started again without it 

Ignition of the fuel when the engine is in operation is pro 


duced by combination of a combustion chamber of peculiar 


timing of fuel in 
stated that the 
valve is closed by the valve spring, the piston in its turn eom 


shape, arrangement of spray nozzles, and 


jection. As regards this latter, it is intake 


pressing the air trom the eylinder into the combustion cham 
P00 lb. 


the tuel starts near the end of 


ber to a pressure of approximately per sq. in. In 
the stroke 
pleted before the piston has reached the end of its travel. The 
solid 


vol. 62. no 


jection of and is 


eom 


system of injection is used. (Automotive Manufacturer, 


3, June 9, 1920, pp. 7-12, 6 figs., d 


MACHINE SHOP 
Hints for Working Monel Metal 


WorKING Mont Merran. 


Hugh KR. Willams Monel metal 
cuts like no other metal. In fact, so tar as cleaving action of 
the eutting tool is coneerned, it is more lke brass than like 
steel. It is removed in ribbons and beeause of its toughness, 
high-speed-steel cutting tools with keen edge and deeided rake 
have to be used. 

Kor monel-metal eutting only the better grades of high speed 
steel should be emploved. As a general rule, monel metal can 
be machined dry, though cutting lubricants and cooling solu 
tions may be necessary for fine work Table 1 gives a list of 
such lubreants tor monel metal 

Monel metal can be machined effectively at a wide range of 
cutting speeds from a slow speed of S ft. or 10 ft. per min 
with a heavy eut and feed to as high as 250 ft. per min., with 
a light eut and teed, provided ample power is availabl As 
nu rule, on general work a speed ot 50 tt. or 60 per min.. 

+ 32° 
y 








=< — - 
aw y 
net ROUGHING TOOL 
9°. 24° 
. KW 5) 
» “Pp? THREADING TOOL 
rig. S Toots ror WorkKING MONEL META! 
with a Ye-in. ent and a 1-32-in. feed, will be found to be sat 


isfactory, but if a high finish is desired the depth of the eut 
should be decreased and a higher cutting speed employed, car 
being taken to keep the tool sharp. 

The following instructions are given for polishing and grind- 
ing monel metal: 


Castings. (1) Use a solid stone, of which there are sev 
eral grades and makes. The Norton Company’s grade “Q,” 


grain No. 20; and Carborundum Company's grade “G,” grain 
No. 16, are very satisfactory. (2) A 


rag, wood, or canvas 
wheel coated with No. 40 emery. (3) <A rag, wood, or can 
vas wheel coated with No. 120 emery. (4) <A rag, wood, or 


canvas wheel coated with No. 120 emery and finished with an 
ordinary buff, using buffing compound. 

Hot-rolled Rods. (1) A 
with No. 90 emery. (2) 


rag, wood, or canvas wheel coated 


A rag, wood, or canvas wheel coated 
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TABLE 1 CUTTING LUBRICANTS FOR MONEL METAI 
th 
B I Mineral lard i " 
I ntine 
{ Ss luble s ix 
G Mineral la 
xual 
Milling Solub 
with No. 120 emery (3 A rag, wood, or canvas wheel coated 
with No. 120 emery and tinished with an ordinary buff. using 
buffing compound, 


Sheet ] A rag, wood, or canvas wher 


90 emer é A rag. wood, or eanvas whee coated with No 
120 emer (3 A rag, wood, or canvas wheel coats h No 
120 emery and finished with an ordinary buff, using buffine 
pound. , 
The original article also discusses in detail the wel 
nealing and pickling of monel metal Vechar ov oO 


67, no. 1746, June 18, 100-401, 3 


1020, pp 


MACHINE SHOP 


Tests on the Behavior, Efficiency and Life of Hack Saws 


Hack Saws, THEIR SELECTION AND Us} The ab 
n the shortest time is one of the important factor ning 
the e ot hack saw. but the rate at whi 
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Fig. ] CT of; 


PRESSURE ON TIME PER CUT AND EFFICIENCY 
OF SAW 
be made such as to become destructive. The endurance of the 
saw 1S also a tactor 
The gradual lower ng ol ethicreneyvy as the saw 1S uses urheh Chae 


effeet ot 
hig. 9 


running 


successive inereases in the a splayed in 


The curve tor 44 Ib 
bevond the limit of 


pressure are 


shows how rapidly the saw was 


efficiency, while that for 64 Ib. 
makes clear how restrained by 


the tendency was immediately 


the appheation of more weight. This figure also illustrates 
the eltect of weight ol pressure on the rate ol eutting and 
the efficient endurance of the saw, identieal blades being used 


on the same material in this test and different weights employed, 


the starting weight remaining constant throughout the test in 
eaeh case 

In the ease of the 44-lb. weight, the weight used was below 
that recommended for the blade emploved. The seeond solid 


line shows the improvement in performance of a similar saw 
the proper weight of 64 lb., while the dotted line illus 
trates what happens when a slightly excessive pressure is em 
Insufficient 


using 


ployed. weight resulted in an time per 
cut and on the whole the chart would indieate that, first, it is 
better to exceed the proper weight a little at the outset than 
little and 


weight is at the outset, after a 


excessive 


to use too pressure, second, no matter how nearly 


correct the certain number of 
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euts have been made the pressure must be increased, not only 


for the sake of reducing the time per cut to a point within the 


limits of efficiency, but also to prolong the life of the saw 


The effect of a slight excess in weight on the average time of 
euts made before the blade is dulled is clearly shown by the 
two lower curves in Fig. 9 kor the first fifteen cuts the ad 
antage lies clearly with the heavier weig] ) from that point 


on, 1t 1s apparent that the first saving in time was made at the 


expense of the general for the entire series of cuts. 


Another 


article 


average 


series of tests illustrated by curves in the orginal 


Indi ates the ce 

















structive action OT ar e@XCeSS!1 pressure 
While the hack saw must be made to withstand a great amount 
of abuse, there are limits beyond which it will not go. Where 
a hack saw is toreed to cut at a great excessive speed, the 
gain in time per cut may be offset by loss saws, spoiled 
stock, ete On the other hand, however, insufficient pressure at 
feets the lite ot the saw almost as rapidly and ! Lhe same 
TT ! ©! how oo much weight seq I) CAS more 
el eeth o ‘ blades ire destroved bD shipping and slid 
ing over the work rather than by cutting. It would appear, 
—— —— ———— ——7 +i aa ae Naame yt 
| a = = | mE eae eS eee 
| I SAW N° 255-C, 1) 
I CUTTING 1h°x3"\ 
| . fi = = _ =? i oe 
ao/) 40 MACHINE STEEL | 
| Van / t ZI AREA 5.25 SQIN Reenil 
2 | eS rere AREA 9 25 ae 
& f \37 i} Vv 
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& i — ant ae | - 
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~~ 
moe } | eet 
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zB | CUTTING 2¥*24"| 
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Th | ARFA__6 2950 IN | _ 
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5 | Se eS ae oe ee oe ee ee ee 
0 #0 #0 CO 8 WO 1X #O 160 180 DO WD MW BW WO WO 3D 
NUMBER OF CUTS 
i 10 CT OF PROPER AND IMPROPER REGULATION WEIGHT 
ON CUTTING SPEED AND LIFE OF SA 
theretore, that using too little pressure is almost as inefficient 
and costiv as using too much, and has not even the doubtful 
advantage of saving time at the expense ol he blade and stock 
as is the case where too much pressure is en ployed 
Data are presented ol the comparative advantage ot flex 
ible and all-hard blades From this it would appear that the 
all-hard blades designed for use in machines require less 
time per cut than flexible blades, while the total number of 
euts made by each blade is practically identical and the saws 
failed in almost the same manne? It would therefore appear 


that the use of flexible saws in power machines is att 


ended by a 


time in cutting without any sponding gain ia the 


the 


loss of eorre 


lite of blade 
Data are also presented comparing the results of 


light 


Starting wit! 


an excessively weight combined with proper subsequent 


regulation on one hand, and on the other hand with results 


obtained by using a slightly excessive weight to start with and 


then regulating it properly as the number of cuts progresses 
Fig. 10 and from 


( No O55 _¢ an 


graphically in 
that on the blade 


These results are presentea 


them it would appear first 


excessively light weight was used. The time per cut was ex 
cessive until about the thirtieth cut, when the weight was in 
creased with a result in drop in time per cut from 30 min. 35 


sec. to 10 min. 35 see. The blade, however, was dulled so muc! 


by sliding over the work that it was not until the weight had 
been still more inereased that the proper time per cut was 
reached. 

In the second test (No. 256-C) a weight of 64 lb. was em- 


ployed, whereas only 43 lb. is reeommended. While overweighted 
at the the 
for nearly 40 cuts. 


In presenting the data for these tests, th 


start, blade cut well within the limits of efficiency 


paper calls atten- 
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- 
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| 
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tion to the fact that the relative efficiencies of blades can be 
better determined by the number of square inches eut, rather 
Thus in the above two 
tests, the first saw cut, before failing, 1365 sq. in. and the see- 
ond saw 1742 sq. in. 


than merely the number of cuts made. 


Tests presented graphically in Fig. 11 are of considerable 
interest as they show the effeet of the lubricant. Starrett No. 
250 flexible blades were used and all were started under the 
same pressure of 24 lb. The line AB shows the performance 
of a saw run without lubricant at 65 strokes per min., an ex 
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Fie, 11) Errect or USiInc LUBRICANT @N TIME PER CUT AND ON 
LIFE OF Saw 

cess of 15 strokes over the recommended speed. This saw failed 

when partly through the fifth eut. 

The saw of curve CD was run dry at 100 strokes per minute, 
or double the proper speed, and failed very rapidly. The saw 
EF was run with the lubricant compound at 100 strokes per 
minute, and completed 50 cuts. The test was discontinued be 
fore the saw failed. 

The tollowing formula is given for making the lubricant 
compound: To a quart of sal soda thoroughly dissolved in 10 
gallons of cold water add 4 quarts of equal parts of mineral 
and lard oil, and mix thoroughly. The compound is ready for 
use 10 or 12 hours after it is made. 

The original article discusses the question of cost per cut 
and gives several tables, among others being tables for combined 
cost per hour for saw, labor and overhead at different costs ot 
labor and saw blades. The question of cornering work is also 
discussed detail and various methods of proper and improper 
cornering are illustrated. (Canadian Machinery, vol. 24, no. 
t, July 22, 1920, pp. 91-97, 19 figs., pea) 


MARINE ENGINEERING 
British Rivetless Ship 

ELECTRICALLY WELDED SHip “FULLAGAR.” Deseription of th 
electrically welded, motor-driven ship Fullagar. 

This ship is a coaster 150 ft. long by 23 ft. 9 in. beam, and 11 
ft. 6 in. deep to the main deck. It is an entirely welded ship and 
there is not a rivet in her from one end to the other. Of course, 
this may not prove to be absolutely the necessary way of econ- 
struction, but it was a good way of demonstrating the suitability 
of electric welding for shipbuilding purposes, although it did not 
demonstrate that it is necessarily the cheapest way of construe- 
tion. 

The hull is constructed of steel of the usual ship qualities, 
tested in accordance with Lloyd’s rules in the ordinary way. 

As a working rule, it was arranged that as far as possible no 
overhead welding should be called for on the job. Complete 
elimination of such welding, however, was impossible, but in 
almost every case it was found that joints could be planned so 
that such overhead welding as was done should be of a light type 
and should be reinforced by heavy welds put on in a downward 
direction. 

I}lustrations are given of the various types of welds used. Of 
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these, the system of “ broken” welding is of particular interest. 
For joints not required to be watertight, the welding is put on in 
short lengths with unwelded spaces between instead of being con- 
tinuous. The only reason for this is economy of labor and ma- 
terial. A sample of such continuous welding is shown at the 
connections between the main frames and the shell plates in Fig. 
12A. Also, in Fig. 12B an arrangement is shown where the welds 
are placed alternately on either side of the frames. 

In the welds shown in Fig. 12C (lower end of the main frames) 
the frame is welded all around to the plate. Service holes are also 
shown. These are, of course, employed in connection with eree- 
tion, but in order to conserve the all-welded or arhggataiine they 
are not riveted after use, but are plugged and welded over. 

The whole of the welding has been carried out by the quasi-are 
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system, previously approved by the Lloyd’s Register of Shipping, 
which latter has also embodied in the ordinary rules of the Society 
a set of rules for its application. 

The body is fitted with a Cammellaird-Fullagar opposed-piston 
oil engine of about 540 b.h.p., working on a single serew. 
(Engineering, vol. 110, no. 2844, July 2, 1920, pp. 25-26, 14 


figs., dA) 


MECHANICS 


THE STRENGTH OF CARDAN Suarts, A Johnson. A mathe 
matical discussion of the forces acting on a Cardan shaft. In 
this connection attention is called to a paper by Thom in a 
Swiss engineering magazine abstracted in MrcHANICcAL ENGI 
NEERING, July 1920, pp. 409-410. 

Besides the ordinary twisting moment, a Cardan shaft is sub 
ject to a bending moment due primarily to its own weight. It 
is in the position of a beam supported, but not fixed, at the 
ends, and uniformly loaded with w pounds per unit length. 

The equation which defines the critical length of a shaft as 
given in reference books is: 


gkI\3 
21 = (2) sFadisatiat at taut SB dain err f 
wa 


where 2/=-whole length of shaft 
g=aeceleration due to gravity 
E=Young’s modulus 
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/=moment of inertia of section the bottom of the axle back to the body. Suspension for th 
I 
( weight of shaft per unit ol eneth, pounds rear axle consists of long quarter-ellip ¢ springs. the bu ern 
a aneular velocity of shatt in radians per second ot which are attached to the body at a point where a ¢ 
it bor la unfortunately lends itself to ambicuits owing to rib forming part ot the Tro! seul pport ‘ 
the selection ot moon patible units or ¢ rel mterpretatior ol lens the body. 
figl f 1 t } ' ty ; { | 
syrnibo | ! lv when all the dimensions are eet, and (n essential Ca re ol U COnsS at 0 , . ‘ 
CO sequently wher / . Youne’s modulus + pound : uare ‘ ar I rip o7 inne] runni 0 Th ' 
f or 144 times the ordinary tabular value of / in pounds pet 
quare i Sim rl when all four dimensi rs , 
ole rie ( ! ( To) miit it ~ nee i! >? ‘ , 
t tt ibstract ber 32.2. but rep ‘ ial 
o , herefare when 1 i: he , 
; ‘ ’ ‘ iit beeorne 
( leuk] y, 
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‘ Ky hese eq ons e author derive | by roug! ) Vale ( el ecter 
no hosy t byerr ' moment " ad ‘ Re PSC 4 > ithe ‘ er mere cl | r ES 
ty ‘ nite wi cos 0. that is. whet ; = e place ¢ ‘ Can ¢ ) M rt 
ry ’ hor } a d that ir » sha Ou () rage pressure Is « on 
i el ealeulate weording to Equation 2 } , e mere vinie Owing f cit \ ‘ 
lengi! ol sf) ! showed a stress clue to bene hihi) ) thie wre or > rh l ) - ( 
> = : ; 
per sq. in. as calculated from Equation 12), which w (dane — . iyiy low speed and ma s ‘ 
( } aT } ? engt! ot il shatt , ) cle WHEE mn aes rslete ‘ ere ! ‘ me 
, sn ; , des er of stress ‘ mere ? ‘ ile =ey ~ i pal ‘ 
lhe itfior te ‘ na lt the stateme = ¢ ! qua x por re : . W 
° | I a) in | ‘ ‘ 
fhons ] ine 12 ive anv real phvsi 1) er \ ‘ 
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;, , : eur, l re = 4 Sect oo ( ( 
eould be re rained ron Whirling ut the 1 ‘ - we 
. ‘ ) () ’ ‘ rrie ‘ ms , e > ’ 
we | pa / lu ” ft) kn weer vo it} +t) Iu ! I = . 
- <! 1 is mr’ t ea rislele 1 t 1 Lhe ~ sift 
1820, pp. 2ObO-2O7. tn _ . I , , 
eater nd tinallw te e place whe . hye ‘ 
. ‘ ‘ ‘ ‘ P 
rT > . > . . ‘lop . Steam condensate im Ye irned ons ndensed-stean ree ‘ i] 
MOTOR-CAR ENGINEERING 
from there throug a Teedwatet eater to the steam bo I 
FRAMELESS CAR, Description of a non-conventional design o1 The mereurv condensate is drained from the bottom of the met 
a car recently patented by the Lancia Company. he body eurv condenser to the lower mereury eader and thenee t the 
Kie. 13) consists of a stamped sheet-steel shell and combines mereurv boiler 
the function of a body with that of a frame. At the front of In order to utilize mereurv economically and to , 
this shell is attached horizontally a form of stirrup, to which amount of it. a special type of boiler had to be designed. In this 
n turn is attached a semi-elliptie transverse spring, shackled boiler flattened tubes are used. Leaks are said to be prevented 
at each end to the forks of a straight front axle. by great care in the desien and construction of the fittings and 
» lore-and-att location of the front axle relative to the body pipes leading to and trom the mereury boiler. 


is obtained by the use of a radius rod on each side, running from The original article states that Mr. Emmet has « ed that by 
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the addition ot 


this device to an assumed rood modern 


power 
station with an increase of 15 per cent in the amount of fuel used, 
the same amount of steam can be supplied to the steam turbine 
as under present conditions, and the mereury turbine will generate 
power equal to about 66 per cent of the power generated by the 
steam turbine. 

The experimental equipment was in operation for a short time 
last summer with a load of over 1000 kw. on the mercury turbine, 
and its operation showed that the economies predicted were fully 
realized. 

In an editorial article in the August 3 issue of Power it is stated 
that there is a persistent rumor that an Emmet mereury-vapor 
plant is being built for the Hartford (Conn.) Eleetrie Light Com- 
pany. This would be of particular interest, as it was in the plant 
of this company that the first steam turbine of commercial size 
was installed for electrie power generation. 
o, Aug. 3, 


(Power, vol. 52. no. 


1920, pp. 167-168 and 1 full-page eolored diagram, dA ) 


WastE-Hreat Borters, D. S. 
Members Am. Soe. M. E. 


boilers no special effort is made to minimize the frictional resist 


Jacobus and 


Arthur D. Pratt, 
In modern practice with waste-heat 


ance of the gases flowing through the boiler by providing a large 
flow space. 

Nowadays, waste-heat boilers are provided having a high draft 
resistance and in which the baffling is so arranged as to give a rela 
tively small area of flow space through the passes so as greatly 
to increase the velocity of the gases. On the other hand, a suction 
fan 1s used to overcome the ligher dratt losses due to thie 


inereast 
in velocity of the gases, and the heating surface of the boiler is 
arranged in series in such a manner that in connection with the 
added draft loss under the increased velocity, the desired draft 
will be available at the outlet of the furnace supplying the waste 
heat as well as the outlet of the boiler. 

In waste-heat boilers the heat-transfer rate should be materially 
higher than in direct-fired boilers. In the latter a temperature is 
developed greatly in excess of the average waste-gas tempera 
ture and a considerable proportion ot the total heat absorbed by 
radiation to the tubes whieh 


are exposed to the radiant heat of the furnace. 


a boiler is absorbed through direct 


The absenee of this important factor may be compensated in 
In this connec 
tion it should be borne in mind that the heat-transfer rate is de 
pendent upon the gas velocity and not upon the number of passes, 
except in so far as the number of passes affects the velocity. 

The best arrangement to use in most eases is the three-pass, 


the waste-heat boiler by raising the gas velocity. 


but the number of passes depends generally on several consider 
tions discussed in detail in the original paper. 

Economizers are frequently installed in connection with waste 
heat boilers. 

The authors recommend a combination in which a three-pass 
boiler is used. The gases pass from the boiler through the vertical 
rear circulating tubes directly into an economizer which is made 
up of horizontally inclined tubes extending transversely to the 
boiler setting. The gases pass downward over the economizer 
tubes while the water has an upward flow, the countercurrent be 
ing obtained between the water and the gases, and the water in 
the economizer flowing continuously upward so as to avoid any 
pockets should steam be formed in the economizer. 

Single-pass without induced 
and there still 
considerable field for such boilers, even under modern conditions. 


draft 
appears to be a 


waste-heat boilers were 


anong the earliest to be used 


They can, however, be suecessfully used only in connection with 
a furnace requiring a low draft. <A single-pass boiler may be 
used to advantage where a low weight of gas is available and may 
be best to install in the case of an isolated plant where there is 
is outlet for the power developed expect for use in the plant. 
(Proceedings of the Engineers’ Society of Western Pennsylvania, 
vol. 36, no. 4, pp. 221-234, and discussion pp. 235-242, g) 


War EXPERIENCE WITH MERCHANT Suips, Prof. J. J. 
A paper discussing damage to vessels of various types caused by 
torpedoes or mines, and suggesting certain changes in design 
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Welch. 





VoL. 42, No. 9 


which might make the ship more fit to withstand external explo 


SIONS. 
damage caused by a tor 
pedo or mine, attention is ealled to the faef that 
is struck in way of 


As regards the nature and extent of 


when a vessel 


a eargo hold, the hatches are usually blown 


off, which vives a certain reliet of the pressure set up by the 


explosion. It would appear as probable that large hatehways 
afford an improved measure of protection to a ship 
The sizes of the holes mad by torpedoes varied in the vessels 


which subsequently reached port from about 40 ft. by 23 ft. to 
16 ft. by 14 ft. 


ably safe against attack from a single 


It would appear that a vessel should be reason 
torpedo if it were made 
capable of remaining afloat with any two holds open to the sea, 
while the minimum length of hold should not be less than, say, 
10) to 45 ft., so as to avoid the possibility of two bulkheads being 
injured at the 

The first effeet on 


porarily to the damaged side, due to the 


same time 


a damaged ship was to produce a heel 


influx of water on that 


side, which heel was eliminated or reduced as the water became 
unitormly distributed across the ship. In some cases the loss 
ot metaecentric height, due to the loose water admitted to holds, 
was sufficient to render the ship initially unstable, and heeling 
resulted from this cause; such heeling being diminished, or the 
ship even regaining the upright, as the water in the hold reached 
the level of the water outside. This follows from the well-know1 


loss oft 


fact that the 


initial stability is generally greatest wher 
the quantity of 


water admitted is relatively small 


question as one of loss of buovaney, with constant displacement, 


the position of C. G. of ship remains fixed throughout, while the 
variation in location of metacenter depends upon the rise of the 


length of B. M At an early stage 


ot the inflow, the position of C. B. 


eenter ol buovancs midi thre 
remains practically unaffected, 
length ot B. M. is 


with the usual notation, « being the fractional permeability of the 


while the diminution im the riven by ui J 


damaged compartment. The value of 7, the total amount of i 
ertia of water plane area In damaged compartments, is more oT 


all heichts, henee the loss of G. M 
considerable in the early stages, and less important as the 


less constant at and mav be 
water 


rises In the compartment and so raises the position of the center 


of buoyancy of ship. For this reason it is more important to have 
watertight doors low down in the containing bulkheads ot dam 
aged compartment shut at the time of the casualty than similar 
doors at a higher level. The final result may be the same, but 


by confirming the longitudinal extent of the free water low down, 
the ship may continue upright, and if the ship has ultimately to 
be abandoned, the upright position will facilitate the gettir 
of the boats and so conduce to the saving of lite. 

An examination of the steamers torpedoed showed that very few 
capsized, but a-fairly large number retained a list ofter damage. 
Some of these ships listed in a lightly laden condition due to the 
tact that many vessels of relatively fine form have oily very mod 
erate matecentrie heights when lightly laden, so that the loss of 
stability due to the inflow of water might have been sufficient to 
give a negative G. M. with consequent heeling; in one case, in 
deed, the loss of stability due to this cause was so great as to 
On the other hand, 


well down ofien uve 


result in the capsizing of the vessel. 
in full their breadth very 
large matacentric heights when lightly laden and many such ves 


vessels 


form carrying 


sels in this condition have continued afloat upright with two or 
more large compartments flooded. (Paper read before the Insti 
tution of Naval Architeets, July 6, 1920, abstracted through Engi 


neering, vol. 110, no. 2845, July 9, 1920, pp. 37-40, 2 figs., dq) 


CLASSIFICATION OF ARTICLES 
Articles appearing in the Survey are classified as ¢ compara 
tive; d deseriptive; e experimental; g general; h historical; m 
Articles of 
Opinions expressed 


mathematical; p practical; s statistical; t theoretical. 
especial merit are rated A by the reviewer. 
are those of the reviewer, not of the Society. The Editor will be 
pleased to receive inquiries for further information in connection 


with articles reported in the Survey. 
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United States Forest Products Laboratory 
Celebrates Its Decennial 

XTENSIVE 


through more 


eonservation ot our national 


’ 
|: 
4 


throughout the Deeenmial ¢ 


efficient utilization was the ke) 

lebration at the 
Madison, Wis., July 22 and 23. Oven 
parts of the 


wood 


Laboratory at 


from all country were present, representing every 


; 


line of ising industry, including 59 wood-using associatior 


and companies, 1S lumber-manutacturing associations and con 


panies, the deans of 12 tore Stry schools, the United States Forest 


Service, and other visitors and tmends. They came to pa 
ribute to the laboratory's ten-vear record of service to America 
dustry 
The Forest Products Laboratory is a goverm 
of madustrial rese ire} n wood and all wood pore luet 
hy thy | nites States Forest Services coonel 
rsil of Wisconsin. In th work 220 « nee] én 
te nanufacturing specialists, and ; 
}? ved in developing new ises lor wood and mip 
manu iring methods Investigations and experin 
“lt en both independently and for imdividuals ane 
! 1 cooperatl ¢ DUSIS 
Phe @oml oe nm irge ot he celebration cor ats ( 
ernor Philipp of Wisconsin, honorary chairman; H. Fo We 
Burgess Laboratomes, Madison, and former director of t| 
ratorv, chairman: C. P. Winslow. director, For Py 
Laboraten H. J Thorkelson, business manager, U1 
Wiscons Don kK. Mowry, general secretarv, Mac \ 
ile ut 4 merce 
clo he morning of July 22. The program « , 
dod Leniclative Measures for Borest Conservation. bv @ 
rnor Philipp; Translatn Knowledge into Power, by Pre 


iversitv ot Wiseonsit and 


present director ot tt 


\tter incheon the program continued wit nspectlo ol nh 
Ol ind exhibits ot the laboratory. (Guides in charge « 
irties showed the Sitol the various lines of endea 
‘ Libel “ _ ! mil ons of «ao i! en 
eco I 
New M0 promiment lumbermen, manutacturers 
forest products, and members of the Forest Products | ) 


rv, attended the banquet in the evening, at which Lik ( 

\\ B. Greeley, Chief Forester of the | nited States, spoke ¢ 
i re - ‘ National Prosperity; ana Mr Max Mason, researc! 
pecialist of the National Council of Detense, gave ar lustrates 


detail the submarine detector which | 


during the war and which was successfully used in Euro 
. At thre 

neral manager, Marathon Paper Mills Company, spoke on Some 
Paper Industry; H. F 
National 


Research; 


Friday morn session D. C. Everest, secretary 


‘roblems of the Pulp and Howe, chan 
Researe| Coune 


W. A 


Association, on 


n, Research Extension Division, 


Place in Industrial 


Nation 
me Problems of the Lumber Industry. 


> \meriea’s and Gilehris 


presenting the al Lumben Manufacture rs’ 


In the Forest Produets Laboratory the Government has estab 


hed an institution which is doing much direct good for a 

wood-using industries. Director Winslow in speaking of its 
rposes and work illustrated the manifold uses of wood 
He brought 
great problems of conservation and utilization of forests, of 
that it 


Products Laboratory Lo 


con 
tion with the every-day life of the people. out 
lumber and of finished product. He 
| the 


titi 
ion in solving these problems. 


stated was the 


purpose of Forest aid the 
Mr. Winslow gave statisties showing by conservative estimate 

the work of the Forest Produets Laboratory effected an an 
il inerease in production and decrease in waste aggregating 
1,000,000. These figures, he said, should prove the value and 


portance of industrial research. 
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LAWRENCE RIVER PROJECT 


(Continucd from pade 12 


THE SI 


It would seem, therefore, that the minimun power thal a ry 


Lawrenee and distmbuted throug nortl 


New 


developed from the St 


New York and northert England would be abo 


eri 

hp It is not unlikely, however, that in the fin: bargaining be 
ween the two countries regarding the whole matter the United 
states ma assume some of the expense ol the improvement! 
helow the ternational section of the river and in return re 
ceive more power, inasmuch as the demand rela eo 
n the United States 

In a prelin ary way the Canada (rovernment rec 
estimated the cost of the St. Lawrence improvement tor the 
ternational sector mciMang preparallo Ie powel ! i Lol 
) not the machinery and equipment for power d Ope ind 

stributior at $60,000,000 and tor the all-Canadiar ‘ n of 
the niver So00,000 000, not to inelude power develop i ive 
total, $110,000,000, may upon more detailed examination prove 
o be too small and SZ00,000 000 may be necessat Suppose 
! | es ites pa one halt ol the total. S 100,000 000, rié 

one alt of the 4.000.000) hy No matter how low 

price or this mav be vrreal prol Is should be derived ar ad it i tew 
ears the entire cost amortized Phen there is the more nda 
mental questic f conservation \ horsepower-year | heer 
reckoned a equ lle! on coal saving as high as 30 tons: how 
ever, the au xv considers this too much and assumes 20 tor 
1) million tons ot tue in be saved, the additional tonnage neees 

ry to transpor t trom the coal fields to the territor vhere 

e electirie powe \ ileal be ined = oW ar ived wit " This 
element of sa ( = Various re oned at from 10 to 25 me CeO} 
‘ ne primary coal tonnage Considered internationally the 
ne would be predicated on the tull 4.000,000° hy d 
amount to 100 million tons a ( 

Agal there > hie question ol power’ He y ma or 
ire required to mune LOO) mailheor 0 ol « ind ov i 
mine laborers and others are emploved in and about the nes? 
Hlow anv rauwa mpiovees vi ( ty necessial ‘ ! } 
hie a nea oO ha { empl ‘ ! DackK ( his ? rié 1] " 
mar remen and engineers in steam-driven power plants would 
be saved tor otner productive effort ? Phe proble bil 
ramification but trom whatever angie it considert DO 
bility of saving is at once appare ! ro e! ‘ 
St. Lawrence river is amply istified, even if consideres ole 
is a conservation measure Indeed, careful study of the prob 
em will show that there is no exeuse for the people to negleet 
rie iking oO adequate steps to develop this powet 

teturning to the question of transportation, if the nited 
States is to continue shipping abroad vearl S00 or hels 
of grain produced in the Middle West, how much of the ipping 
cost can be saved? Mr. Julius Barnes, who has just been relieved 


of his duties as Chief of the U. S. Grain ¢ orporation, states 


it may safely be estimated at from 5 to 6 cents per bushel, which 
would be $15,000,000 to $18,000,000 per annum 


That the 


sufficient to justify the 


Ihe re are ilso 


total saving would 


other coods to be s Ipped mh al d oul 


be enormous indoubted 


and expense Is 


Consider also the effect on immigration. At the 
the United States and Canada ars 
the 


northern countries 


prese! * tum 


suffering trom a lack of mat 


power. At present time 1 


Holland, 


very ce sirable 


immigrants, 
the 


particularly from = the 
Scandinavian countries, and the 
The 


it used to be, 


British Isles ure cost of coming to our shores 


Is now several times what and when they land a 
some Atlantic port they must either stay in the already congested 
areas there or pay a big charge for railroad transportation. Some 
ot the 
dinavian-born people. Practically all of the Scandinavians who 
this Wisconsin, Minnesota, and the 


Others will no doubt do the If they could come 


northwestern states have a large percentage of Sear 


come to settle in 


Dakotas. 


eountry 
same. 
directly to some one of our Great Lakes ports, consider how much 
easier it would be for them and how much less expensive, 
to the ¢ 


not to 


mention the benefits of such immigration ‘entral West 











ENGINEERING RESEARCH 


A Department Conducted by the Research Committee of the A.S. M. FE. 


Engineering Experiment Station, Towa State terials Research Laboratory, Lewis Institute, Chicago, Tl Tl 
; bulletin contains Sl pages and is the result of tests on 6125 

( ollege concrete cylinders, 4955 cement-mortar cylinders and HW 

over CMM) other tests Some of the con 


t 


briquets, as well 


clusions reise hy d are us follows 


“| HE Engineering Experiment Station of the Iowa State Col 


lege was established in 1904 and since that time it has is . Wem is we wecedeare telation between the stronsth of 
sued 57 bulletins. Twenty-one of these have been devoted to concrete and fineness of cements if different cements are 
sewage, drainage, drainage tiles and sewer pipes, nine to bricks A considered ; 
bs and roads, nine to the use ol Iowa coal tor power and house iam stata the a © pa rosa ctn ities ae oa 
heating and to mechanical-engineering subjects. In addition to 1. il cena ne of cement is more effective in increasing the 1 
these there have been bulletins on the holding power ol nails, strength of lean mixtures than rich ones 
cement, concrete, electric power on the farm, topographieal sur ® Fine grinding is more effective on short-time 
veys, lighting, structural work and paints. For further infor- = es plo ~~ aaed a ee ' 
mation address Dean Anson Marston, Director, Engineering Ex 14 The _ ‘eae pins ent dinrenane i Gnoe 
periment Station, Ames, Iowa. 23. Tension tests of briquets do not give a correct measur 
the relative merits of different cements s determined by 
I ession tests I tar and 


Cooperation 
Address Vrof. Duff A. Abrams, Lewi Institute, Chicag l 


The Portland Cement Association and the Lewis Institute = ¢yj,en¢ and Other Building Materials A?-20 Storage of Cs 
of Chicago are cooperating 1D their structural materials re Bulletin No. 6 oft Structural Materia Laboratory Le 
search laboratory. A number of bulletins have been issued as is Institute, ¢ ize, TIL, on the Effect of Storag Cement, 
‘ . d . » “i . ) : - by Prot Duff A Abrams va issued in June I} report 
a result of this work. The Advisory Committee from Lewis hid ' — 1” 

: < : : : : includes compression tests on about 1000) G-in. | 2-it 

Institute includes Prot. Duff A. Abrams and Philip B. Wood crete cylinders and 1000 2-in. by 4-in. evlinders of 1:3> star 
worth, while the Portland Cement Assoeciation 1s represt nted by dard sand mortars and about OO) mises ineou te 7 


Chairman F. W. Kelley of Albany, N. Y., and Ernest Ashton, have been under way for 3ly years Phe following ns 
ot Allentown. Pa. - ' 


1 Indication ‘ t 1:5 t nde 1 1 a i 
: : sand-mortar evlinders are comparable. 
Research Resume of the Month 2. Compression tests showed a deterioration in’ strength with 
storage of cement for all samples The deterior ! 
\ RESEARCH RESULTS vreatest in the samples stored in open shed in = yar 
ple stored in basement of building howed less eterior 


The purpose ol this section of Engineering Research is to tion and those in laboratory showed still 


give the origin otf research information which has been com >. After three months’ storage in shed in yard cement had 
pleted, to give a résumé of research results with formule or SO per cent. of its original strength; after six months, 71 

. per cent after me vear OD per eent, and after tw ears 
eurves where such may be readily viven and to report resilts , : : 

y ig b WW) per cent. The deterioration was probably eater in 
of non-extensive researches which in the opinion of the inve stiva these tests on from S to 12 sacks than it id be four 
tors do not warrant a paper. in a larger amount of cement stored TL 
Cement and Other Building Materials A5-20 Modulus of Elasti tions. 

‘ , - ‘ a ‘or periods up to ly vears there is no marked differs 
itv of Conerete. Bulletin No. 5 of the Structural Materials | r peri l l 1 ’ th ! | n 
Research Laboratory, Lewis Institute, Chicago, Ill. by Stan- in th aes men 1 in _ nd 5 
. » ‘} >) slight «ae } re was foun tror re f 
ton Walker, is on modulus of elasticity of concrete, with an nly a slig idvantage - | 
1 ment in cloth saeks which were covered hb 1 thi er 


appendix applying the results obtained to flexure of reinforced ; , 
of portland cement or hydrated lime 


concrete beams Results show that the stress-deformation curve , 
e 4 ; S. Storage of ement prolongs t time of initial ! f ] 
is of the form WS Ad’ and the modulus of elasticitv varies wit ; he 
1 . ’ sett y 
the stress in a manner represented by the equation JF C'S epegattay :, 
’ ° ’ . ) 1 ! “l \ \\ = lig ‘ ‘ er vv 
Where S unit stress, d unit deformation and / modul | ; a lt ‘et 
1? , ' 7 
elasticity ae cle ition eome t y ’ } 
re Oo absorption « mospelie motu j 
Chere is no true elastic limit since the stress-deformation dia ; y 
: ice ; : : dration which exhibits itself in reducing ( 
gram is a curved line. There is a point where the equation abov > 
oncrete and prolor e the tir setting ? 


for stress and deformation no longer holds and this corresponds 
to the yield point used by some writers. This oceurs at from 0 


‘ 1 ie 0 
Address Prof. Duff A. Abrams, Lewis Institute, Chis o, Ill 





to 90 per cent. of the ultimate strength. Cement and Other Building Materials AS-20 Streng of Drais 
Four moduli of elasticity are noted: The initial tangent called Tiles Bulletin Ne o7 of the Engineering Exp el st 

i; the tangent modulus at from 5 to 50 per cent of the compres tion of Towa State College, on supporting.strength of drain title 

sive strength called F,; the secant modulus from 5 to 50 per cent and sewer pipe under different pipe-laying conditions vy W { 

of the compressive sthength 2: and the cord modulus E,, which is Hl. Schlick, was issued in April 1920. The bulletin contains 

determined by taking points on each side of the point at which GS pages divided into six sections as follows 

the tangent modulus is found. The tangent modulus and _ the 1. The problem of design of drains and pip ewers th 

cord modulus are approximately the same. The initial modu safe supporting strengths. 

lus is given by the equation 3o.000 Sm, where m O.625). 2. General description of investigation. 

The modulus at 25 per cent of the compressive strength is 3. Earth and pipe-laying methods, 

given by Li, 66,000 Sm, where m 0.5: The modulus of elas 4. Concrete-cradle pipe-laying methods for firm soils 

ticity and strength increases as the aggregate becomes coarser, ». Concrete-cradle pipe-laying methods for yielding soils 

as the quantity of cement in the batch increases, as the age 6. VDipe-laying methods with concrete cradles whose values are 

of the concrete increases and as the time of the mixing in- independent of the nature of the soil. 

creases. The quantity of water has a great effect on the mo- Tests were made on 24-in. sewer pipes, 24-in. clay drain 

dulus and the strength. These decrease as the water is in pipes, 1S-in. sewer pipes and drain pipe ard 12-in. sewer pipe. 

creased. There is no marked difference between concretes mad The tests for the ordinary earth beddings showed the ordinary 
of high-grade pebbles, crushed limestone, crushed granite or supporting strength of pipes to be slightly exceeded, while special 
blast-furnace slag. Address Prof. Duff A. Abrams. Lewis In laboratory tests showed that the effect of eliminating hub holes 

stitute, Chicago, Tl. in trenches decreased the strength of the pipe from 15 to 27 
Cement and Other Building Materials AG-20 Effect of Fineness of per cent. With conerete beddings the strength of the pipe 
Cement. The effect of fineness of cement is discussed by Pro- was increased from 70 to 100 per cent. in firm soils and from . 

fessor Duff A. Abrams in Bulletin No. 4 of the Structural Ma- 62 to GS per cent. in yielding soils. In general the concrete 
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the 


szhyeineering 


about 100 


Ames, low 


tile 
Station 


bedding will increase 


Address | 


strength of the 
Iexperiment 


” 


Marston, Director. 

ement and Other Building Materials A9-20 Concrete and ¢ 
Che bulletins issued by the Structural Materials Re ir 
orator 0 thi Lewis Institute carried out tiire ol the 
eration of tl Lewis Institute and the Portland ¢ mie 

lation are a follows 
Circular 1 Colorimetric Test for Organie Impurities in 
by Duff A. Abrams and Oscar E. Harder 


Out of print 
Rulletin 1 Design of Conerete Mixtures, by Duff A 
(1919), 
; Curing Condition mothe \ 
Strength of Conerete, by Duff A Abr 
bration, and Pressure 
Abrams (10910) 


Jigging 


Duff <A 


Concrete, by 


i n> Modulus o Elasticity of Conerets | 
Walker ¢1to 
I} etin 6G Effect « Sti ge of Cement, b 1) \ 
(120 
Add 1’ Duff A. Abrams, Lewis Institute, ¢ 
/ ty lar and ¢ 1S-20) Heating Values I 
} " v fli ent | j ) ' ‘ 


( ~ ~ 
( S2A 
H ( s 
' ( \ 
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WO ( i 
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Fineness of Cement, | Duff \ 


| } ! . Tt neg yg a burne 
gi i i I gi IX il l det I 
i y t ! int at wl h th 
l _ 1 I experi s at ‘ 
sures \ ‘ ! nt ng values 1 
! gas ra i Iw s the sam i t nst 
th ti] isa eared I} | th I i 
r « ‘ mil mould lye Sur } 
valu n known for some time These ex] ! 
ever, W cond d tO prove the fa and to deve 
form of | ner and apparatus by which the mixture 
gis | be readily determined at the disappearan 
vellow tip The mixture is expelled by rising water 
' tus which gives a constantly changing air-g: ra 
en Water The water is stopped when the  flam: 
through the yellow tip and the stationary level is a me 
the heating value of the The laboratory has devis 
formula B.t.u. ISR + 276.5, where FR is the value of 
gas ratio and the heating value is the heating value of 1 





pe of the line (15S) is approximately equal to 
molecular heat of combustion of the radical CH. 
of the equation 276.5 is the heating value per cu. 
burned to CO. on the assumption that Cis a gas. 


Address Edward J. Brady, Physical Laboratory 
Improvement Company, 5101 Passayunk Ave., 
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by P. Ek. MeKinne hemist I i 

In view I ti ut hat es f t 
as to the effec of vat ne percentage « enice i oe 
Mr. McKinney, “it was deemed expedient to make a 
ments in ine n h tl L ! rit 

n th it t ‘ n 

I ‘ s of ¢ eriments ere 1 | 
) i n b vec i pl li I I ‘ 
ne hea to which had | n 1 O.1 ye I i 
ond i identi eXCey tha ( 
nt arseni i mac 
After adding if ld g 
t 3h I lian 4 ] t ng i 
" il ‘ this pla test Ph I 
is ] red into a l bull lad | LOO It 
r bott metail i i ! t t r 

ght of thermit and wrapped i i 
hie lle then filled it et ! ‘ 

ilar n ! Th ol tuted th ng 

( indled the ime W 
I} 3 owe stripped = the 
re } ited and forged longitu t 
,-il 1 O-i1 net 
l ot soaked ni 
} ‘ ’ ] hei \ 
PERCENTAGE Of SENIC IN STEEI 
SER 

. | 

‘ ) 
i) } 
SERIES 
R | 
{ ”) 
‘ 
6-4. 
(3-i1 Pe hin 
reated l l | 
\ 
hale 
l ‘ t 3 s 
has been ' { " ‘ ; 

eriot , ve f the ste ntaining arsenic \\ 
‘ Ss we ~ ‘ 

lerabl git il Fling t re t 
imar tests Vv ! ite t " the 
effect to steel att ts ‘ hy rie t ‘ 

“There is no noticeable difference in the | pertic 
containing arse as compared h t \ i 
idditions were mack In the | ng or forging t ‘ 
normal in every respect.” 

While it is evident from these experiments that 0.3 pe 
arsenic S not injurious, as tar as static testing cau di 
fact must not be lost sight of that it is extremely ird 
rid of arseni ifter it is once present in stee and 
is used for scrap purposes after its usefulness has ceass 
is a constant automat augmentation of the arsel 
which will in time get beyond the limits desired It 
be interesting to note the effect of arsenic upon sl k-re 
qualities of the steel which is of major importance whe 


nance work is concerned, 
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Che Gun Factory hopes to have an impact machine installed 
in the very near future, and further experiments along this line 
will be carried out 
Address Bureau of Ordnance, U. S. Navy, Washington, D. © 
Vetalluragy and Vetallography 173-20 Tests for Defects tn Sprig 
Ntecl. Numerous breakages were obtained in “4-in. round silico 
Inanganese spring steel during a 24-hr. solid clamping test ol 
pring steel Deep seams were found in torsion tests. Aftet 


agains 


To 


guard 
been 
the 


developed. 
test 
1, 


treatments seams 
bars 


length of 


various heat 
a comparison devised it 


which is 


he receipt of such 


: | ‘ 
which a piece, the times thickness 0 


the bar, is Compressed to a length equal to the thickness of thi 
bar Internal seams open widely under such test. Metallurgi 

il and Testing Division, Naval Gun Factory, Washington, I) 
( Address Chief of Bureau. 

Vetallurgu and Vetallography 11) ft) tliou Nteels An investiga 
tion including an extensive micrographic examination of speci 
mens indicates that zirconium, titanium and aluminum are no 
truly alloying elements but act merely as scavengers. When not 
eliminated in slag they are present in the steel as inclusions, In 
small amounts they may help produce soundness but otherwis« 
they can not do much good and may even be detrimental. Bureau 
of Standards, Washington, D. C Address S. W. Stratton, 
Director 

B—RESEARCH IN PROGRESS. 
the purpose ol this section of Engineering Research is to 
bring together those who are working on the same problems for 
cooperation or conterence, to prevent unnecessary duplication 
of work and to inform the profession of the investigators who 


The thes 
investigators are given for the purpose of correspondence. 
and Metallography BS-20 Vetal,. Cc 
sive tests at 2D. 50. TH and 100 deg. been 
different of babbitt metal, 
spond to proposed specifications of the S. A. E. 
and the effect of well 
failure will be investigated. Bureau of 
ID. C. Address S. W. Stratton, Director. 


are engaged upon research problems. addresses of 


Vetallurgy Bearing ompres 
have made on five 
four of which 
The 


as 


cent 
compositions corre 
best pour 
the 
Standards, 


temperature aging as micro 


ing 
mechanism of 
Washington, 


Peartili Vanufacture and Clothing B2-20 Cotton Research Cori 
pany. The work of the Cotton Research Company is divided 
between researches in the mill and in the laboratory Th 


mill researches are as follows: 


Relative value of speeds of heaters and blows per inch in picking 
processes ; 

The best speed for doffers and drafts to use in carding different 
eottons 

Comparisons of yarns made from various varieties of cottor 


with and without combing process ; 


Comparison of spinning with self-weighted and lever-weighted 
rolls; 

Size mixtures suitable for various 

Connection between atmospheric conditions and relative weights 
throughout manufacture of yarns. 


The laboratory 


most types Of warp yarns 


researches are devoted to the following: 


Analysis of cotton fibers and raw cotton throughout manufas 
ture; 

Value of fabrics from yarns containing various amounts of 
twists per inch; 


Iiffects of humidity on sizing and breaking of fabrics. 
Address Cotton Research Company, 1020 Washington S 
Boston, Mass. E. ID. Walen, Manager. 
C—RESEARCH PROBLEMS 
The this of 


bring together persons who desire cooperation in research work 


purpose of section Engineering Researeli is to 


or to bring together those who have problems and no equipment 
with those who are equipped to carry on research. It is hoped 
that those desiring cooperation or aid will state problems fo 
publication in this section. 


Votors €1-20 
The problems covered by Laboratory No. 
Ilarvester Company gas-powel 
cerned with two sets of problems : 
A Development of present manufactured 
KB Development for future market. 
Under A there are two main 
I Materials of Construction. 
Il Working 
Under Materials of 


Hlarveste f 
the 


engineering is con 


Tnternal-Combustion International 


D of Internation 


devoted to 
products. 
divisions : 


Pre CePSSeS, 


Construction the following sub-division 


occurs = 


1 Characteristics of present products 


2 Changes to eliminate failure in service 
» Changes for improvement in operation 


'_— 


to facilitate production or manufacture 
5 Development to meet future 


Changes 


conditions. 
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Under Working Processes the following subdivision ure 
found 
1 Determining the performance, characteristics and la if 
the present working process. 
» Changes to meet present difficulties or failures in sery 
3 Development to secure improved operation, prod 
eCOROTLY 
{ Development to meet future conditions 
Vachine Design C1-20 Ball Bearings. Recent investigation yn othe 
arrangement, strength and serviceable features of ball bearings 
or flat footstep bearings is desired by W. S. Aldrich, American 


Bridge Company, Gary, Ind 


D—Researcu EQuIPMEN’ 
ot 


regarding 


Engineering Research is to give 
the 
the 


The purpose ot this section 


notes equipment of laboratories 


the 


so that per 


In conelse torm 


for 


protession ot the equipment in 


mutual information and tor purpose of informing 


various laboratories 


sons desiring special investigations may know where such work 
ean be done. 
International Harvester Company 11-20 (ias-Powes / 


for the developwent of research we rk 


ationary t 


Laborato Laboratory 


on trucks, tractors, s ngines of high and 


lighting outfits, various ac 


ypperated by the 
laboratory is situated in a building wit! 


pression, cessories and other products 
Road 

The 
equipped with 
sene and compressed air 


are also Company 


tests 


traveling crane, piping for water, gasoline, kero 
and 


individual 


for electt 


wired 


supplied to engines from tanks on seales Exhaust 


is eared for by overhead exhaust line mnected to fan blower 
Ventilator stacks with openings at floor level are equipped wit! 
an exhaust fan \ motor-generator set supplies direct rrent 
for battery charging, field and armature current for d mot 
and generators and field current r the Sprague dynat 
Equipment 
1ehp.. 1050 to 3500 rpam. Sprague dynamometer fitt vith 
electric contactors for fue veighing and recording 
tions 
Electricaliy indicating tachometer 
Electrically controlled revolution counter 
Hand tachometers 
Revolution counters and stop watches 
Toledo seales, electricall controlled for time = elemer a 
ivdrometers are sed in fuel measurement 
Venturi meters recordit water meters, sharp-edged orifices 
and pressure gages ive used for water meastirement 
Bristol recording thermometers, nitrogen-filled mereut ! 
mometers 
Leeds & Northrup recording and indicating p ntior 
Hoskins pyrometer and thermocouples are us 
urement. 
Crosby indicators, diaphram indicators « t Burea 
Standards and manograph are sed for power isurement 
An air-equalizing tank with sharp-edged orit ul hllisor 
rage 
Venturi tubes, pitot tubes and anamomete: dlispla ent 
gas meters, recording and indicating barometers 
Thermometers and psychometers are used for air measure 
ment, 
Five test stands with direct-current generators are used for 
absorbing power. 
Five stands with prony brakes are used for testing engines 
Three of these are equipped with balances aid supported 
brakes Several other test stands are used for small and 


large « work. 


\ brake 


heine 


band testing outfit is arranged to measure belt ten 


sion, slippage and durability as well as the coefFeient of fri 
tion and endurance of brake and cluteh linings An apparatus 
for determining the endurance of fam belts under various ten 
sions and temperatures is installed in this section of the labor 
atory 

The friction losses in gear-transmission lubricants are deter 


mined by a motor driving a 
The laboratory is planning apparatus to determine 
drawbar pull, tractive effort, 
power delivered belt 
from tractors. 
The laboratory 
of radiators at various rates of air and water flow. 
The laboratory the work 
compression engines. A 1-hp. Hvid thermoil engine and a 
high-compression engine are installed, 
The capacity, endurance and 


generator through gear transmission 
the 


driving axle 


tractol 


torque reaction about 


by pulley and general performance data 


is equipped to determine the heat dissipation 


is equipped fou high 


10-hp. 


development on 


performance characteristics of 


generators and storage batteries or other electrical apparatus 
may be determined by the equipment in the laboratory. Appa 
ratus for determining the characteristics of steam and steam 


engines are found in the laboratory. 


Calorimeters for determining the heating values of solid and 


























SEPTEMBER, 1920 MECHANICAL 


" nd in the Chemical-Physical laboratory of the 
| mpl 
rh ital equipped for complete and tl gh inves 
if ns automotive apparatu t acter in 
Xl ries and development work on yn fie robls 
ii roh Personnel: 
( ‘ engine Steam Research | elop 
el ! . nal oft fol re 
hi , 


1? ’ t 
| RES: ARCH Vy st) 

The purpo of this seetion of Engineeris t i 
rive note personal nature revare r the perso 
von nethods of procedure for o 
rule re imei e eonduet « iriou ne 

I BIBLIOGRAPHIES 

The purpose ot this seetion of Enginee: ¢ ) 
inform the profession and especially the members of the A. S 
M. | bibhographies which have been pre pares I bately 
ographies have been prepared at the request of member 


WORK OF THE A. S. M. E 


4s 


( ode 


communitcattons 


Committee meets for 


Boiler monthly the 


ioe 
considering to the Boiler 


one desiring information as to the applic ation of the Code 


purpose of 


relative Code Iny 


is requeste d 


to communicate with the Secretary of the Committee. Mr. C. 
Obert, 29 Weest 39th St., New York, N.Y. 

The procedure of the Committee in hand ul 
tollow \] nquiries must be in written tor ry e the 
are i } r consideration (oples are sent | e secre 
tary of the Committee to all of the members « e Co tte 
Che interpreta on, 1} the lorm ot a reply, is then pre ') 
the ( mittee and passed ipon at a regular 
Committe This interpretation is later submitted to the ( 

Cll ol the Society Lor approval, after whicl [ i I Lhe 
inquirer and simultaneously published in Mecuan 
ING, In order that any one interested may read ‘ rhe 
latest information concerning the interpretatior 

Below are given the interpretations of the Committe Case 
Nos. 269 and 307 to 312 inclusive, as formulated at the eeting 
ot June 4, 1920. and approved by the Coune) | rhe 
with the ¢ ! ee’s practice, the names of inquire? e bee 

Case No. 269 ( Reopened 

Inqua It, under the provision made in Par. 21: he 
Boiler Code, advantage is taken of the opportunity to ist 
the pitel t the staying for a eylindrical furnace, t to be 
assumed that a portion of the increased load on the s . 
to be supported by the resistance of the outer « ndri shell 
to collapse, or must the staybolt be designed to carry the full 
load upon the staved area of the furnace sheet? 

Reply: The special provision made in Par. 212c¢ for increased 


pitch = made possible by the additional strength atfordes DN 
the convexing of the plate. It is permissible under this rule 
” t mong ot the stavbolts to 7 W thre { nuin 


whereas the 


required cross-sectional area of the staybolt 
be based on ) 
Case No. 307 
Ingui Is it permissible to so locate the supporting lugs 
on h. r. t. boilers where more than four lugs are required and 


] . . 99 
under Par. 323 


of the Code, must be set in pairs, that those 
n each pair come close together, or must the horizontal dis 
tanee between the center lines of rivets attaching the adjacent 


lugs to the shell be at least equal to the vertical spacing ol 
rivets that is required tor lug attachments in Par. 323, as 
Fig. 8? 


Ree ply : 
distance 


shown 
in 

There is no requirement in the 
apart of the lugs forming pairs as 
of Par. 323. 
however, that in locating lugs in pairs on the shells of h. r. t 


Code specifving the 
the 
It is the opinion ot the Committee, 


required by 


last sentence 
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where the bibhography is not 


extensive, is done e eX 
pense ot the Society. For bib iographies ot a gene! natu 
the Society 1s prepared to make extensive bibliographies at the 
expense of the Society on the approval of the Research Con 
miittes \fter these bibhograples are prepared th re loane 
to the person requesting them tor 1 pe! ao ( ee! Addi 
onal copl re prepared whi r ly Ol eriods of 
two weeks to members ot the \ » \I | I oO « ‘ recol 
mended by members of the \ » \ | ! ep 0 iphue 
are on file in the offices of the Society and are to be ) ed oI 
requ The bibhographies are prepared by 1 taff of the 
Library of the United Engineering Societ vhicl prok 
the largest Engineering Library in this count: 


Wechanics F'1-20 Impact and Alterna 


bibliograpl f i uM. I 24 W ) 
St New York 

/ j*} I] ‘j { t s I \ 
bibliography of 1 page. Address A. S. M. I 20 West ) St 
Ni \ 

Properties of Bhi neering Materials F'1-20 Tiny Alte y 
Stre Tests Impact A bibliography « lt) y \ 33 
4A. S. M. I “0 West 30th St Ny } } 

BOILER CODE COMMITTEE 

boilers, it will be in conformity with the spirit of the second 

sentence of Par. 323 if the lugs of the pair are so spaced that 




















the horizontal distance between the centers of the rivets which 
come nearest the adjacent edges of the lugs is at least 6 ID., 
and not more than 12 in. 
B 
ella ele x 
ele] ele A 
| S SPACING OF SUPPORTING | SIN PAIRS ON H Boilers 
Case No. 308 
Inquiry: Under what rules in the Boiler Code should the 
top end of i vertical submerge tube 1 1 ot re iby boiler. 
’ , 
ic. 9 Design or Top HEAD OF VERTICAL SUBMERGED-TUBE TYPE OF 
Fire-TusBe Borer 
such as shown tn Fig. 9, he ealeulated to determine whether or not 


it requires bracing? 
Code 


Par. 


the 
in 


rule 
However, 


Reply: There is no in applying 


~ 


specifically 


to such construction. 216, an allowance Ww 











wal 
Ww 
bho 
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shells. It is the 
opinion of the Committee that it would be entirely safe to per- 
mit similar allowances in this ease, that is, the distance between 
supported points could be made 3 in. 


made for surfaces located between tubes and 


greater than the permis 
sible spacing of staybolts for the corresponding plate thickness 
and pressure given in Table 4. 


Case No. 309 


Inquiry: Is it necessary to furnish test reports of the steel 
used in the tubes or flues of special type boilers which are 
formed of 18 in. lap welded steel tubing, 15 ft. long, where 
the wall thickness is 42 in. and the weld meets the require 
ments of Par. 186? 

Reply: It is the opinion of the Committee that the material 


used in the manufacture of lap-welded low-carbon steel tubing 
should meet the stipulations prescribed in Pars. 23 to 39 in 
elusive of the Code, which will make it necessary to furnish mill 
test reports of the material. 


Case No. 310 


(In the hands of the Committee) 


No. 311 

Par. the Boiler 
to use butt-stray joints in the construction of very small drums, 
say, 10 or 12 in. 
> Such 


CASI 
188 of 


Inquiry: Is it necessary under Code 


in diameter, for pressures exceeding 100 |b. 


per sq. in: construction does not appear to be practi 


eal for such small drums and neck pieces sometimes used to 


connect drums or shells. 


) 


Rep the Code 
Rules, but it is the opinion of the Committee that this should 
cause no hardship as lap-welded or 


eould be used, provided such tubes or 


y: Lap-riveted construction is prohibited by 


seamless pipe or tubes 
pipes are constructed 
from material which in its initial form of plate or skelp con- 
torms to one or the other of the specifications for open hearth 
steel the Boiler Code. No test would be required on 


the completed tube. (See Case No. 955). 


riven in 


Case No. 312 
Inquiry: Is it necessary in the construction of small Star- 
type water-tube boilers for steam heating which are to carry 
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more than 15 lb. pressure at times, to drill the 
that it 
requirement 


inside and out 


side ends of stavbolts? It is believed was the intent 


the 
at front and back ends which are considered as headers. 


of the Committee to cover in this water legs 
Reply: If the grate area is more than 15 sq. ft., the stay 
bolts are than 8 in. 


15 Ib., it will be necessary to drill the staybolts in order to 


less in length, and the pressure exceeds 


comply with the Code requirements. 


Conference Committee on Welding 
The Boiler Code Committee takes pleasure in announcing that 
the American Welding Society 
eonfer with the Sub-Committee of the Boiler Code Committee on 


Welding. 


has appointed a Committee to 


The above is the result of an invitation extended by 


the Council of the A.S.M.E. at the request ol the Boiler Code 
Committee. It is the desire of the Boiler Code Committee that 
the Committee of the American Welding Society shall cooper 


ate with the Sub-Committee of the Boiler Code Committee = in 
discussing the rules now in the Code and in proposing any 
revisions or new rules that may be embodied in the Code at th 
next revision period. The personnel of the Committee ap 
pointed by the American Welding Society is as follows 

A. S. KINSEY, Chairman, Stevens Institute of Technolog 
Hoboken, N. J 

C. A. Apams, National Research Couneil and Director of 
American Bureau of Welding, 20 West 39th St., New York, 
mM. 2s 

A. M. Canny, Westinghouse Electric & Mfg. Co., East Pitts 


burgh, Pa. 
ALEXANDER CHURCHWARD, 
36th St., Brooklyn, N. Y. 
J. H. Deprevter, Metal & Thermit Corporation, 92 
Jersey City, is ae 
R. E. Kinkeap, Lineoln Eleetrie Co., Cleveland, Ohio. 
Vieror Mavex, John Wood Mfg. Co., Conshohocken, Pa. 
Stuart PLUMLEY, Davis-Bournonville Co., . 
H. S. Smiru, Prest-O-Lite 
York, N. Y. 
R. E. Wagner, General 


Wilson Welder & Metals Co., 253 


Company, 30 East 


Klectric Co., Pittsburgh, Pa 





CORRESPONDENCE 


( NONTRIBUTIONS to the Correspondence Department of MecHanicaL ENGINEERING are solicited. C 


particularly welcomed are discussions of papers published in this Journal, brief articles of current interest { 


mntributions 


mechanical engineers, or suggestions from members of The American Society of Mechanical Engineers as to a bet 


ter conduct of A. S. M. E. affairs. 


Federation an Opportunity for Local Societies 
To THE Eprror: 

The engineering profession of the country has been groping 
for many years after a suitable means of impressing its person 
ality upon the public quite aside from the effort to secure 
betterment of individual conditions which has led to the remark- 
able development of the 
The for is at 
created on June 3 and 4 at 


American Association of 
last at hand in the 
Washington. 

Every task accomplished is a source of satisfaction to those 
who participate in the performance, and so every society repre 
sented at the Washington conference has felt a thrill of pride 
at having been a part of the first movement offering a chance 
and a definite program for united service. 


Engineers. 


means sought 


organization 


Those societies whe 
were so unfortunate as not to be represented, as the facts become 
known to them, will begin to wonder why they were so indifferent. 
This is particularly true of the local society which finds in its 
local affairs only intermittent opportunities to expend its ener- 
gies. Though local matters are the first that should receive 
engineers’ attention, they are the soonest settled, while as the 


broader fields of service are approached the necessity for longer 
The opportunity 
afforded by the new organization to every local society to mak« 


and more persistent effort rapidly develops. 


its voice heard and take a part in the great affairs of the nation 
will certainly stimulate activity and interest in their members. 


The effect of the organization on the national societies will 
be probably less apparent than on the smaller associations. 
They have long imagined that they were performing a great 
work and they will view the new organization as more or less 


of a side issue. Through it they will be able to exert a more 
effective influence on national and state questions, but the reae 
tion will be of less importance than in the case of local and 
state organizations. Those technical the 
national coOperating unlikely to be 
affected, as the energies of the new organization will be absorbed 
in the solution of broader problems. 


matters in whieh 


societies are now seem 


When it comes to such questions as a National Department 
of Public Works, the attitude of government toward the trans 
portation industries of the the of 


country, safe-guarding 


national resources, and the protection and development of the 
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laboring class, the new organization affords the lone-looked for 


opportunity tor that group of our citizens be qualified by 


education and experience, to place before the publie and the 


legislators its recommendations and its criti 


Ann Arbor, Mich. 


Federation Dues and Local Societies 
lor Kprror: 
We all recognize that The Federate {ines ! eering 


Societies should do a great deal to stimulate the pro onal 
spirit of the engineer, as it will emphasize | rr the 
pubhe and to national affairs. However, more 
important for the engineer that he take an interest e and 
local affairs of an engineering nature This can « e if 
l dea of the Federation is carmed dow) 
so that in every locality sections of the nat 
engineering organizatior are affilated toge el 
tions are also carried out for the irious 
‘ eourse recog! du he eonstitutio I 
cul Ion rineering Societies, but I feel I ‘ 
aken to turther it at the very bye nt 
hie ! diffieult for the aver 
into the Federation is the question of expe \\ 
has been rv active ereasi its mie 
clue at a low figure. sav. $5.00. so as to re 
imber, membership in the Federation w take () 
its an bud Furthermore, where the so 
up of members of national societies, some ob 
to an increase in dues on the ground that payment 
made thre rh the national organizations Cony the 
extremely mportant that as tar as Possible thi 
should become members of the Federation It 
therefore, that before these societies ar ke 
the question ot oming the Federatio ! 
sl d be made ot the ac ties and expected ¢ 
<0 eipated re nue of that orga 
eS Oo ere é TT ti or « “ iller p ‘ 
" ure Vv pointe ‘ The possession 
help materially he diseussion of t} 
te i ‘ INCLIS ¢ local societies 
I hope tl t Ww be possible to ! 
oot > a : f the count? P he } , 
| POT SOcle eS 
J 
Pre i. | 
A Criticism of the New Federation 
lo | 0 
The constitution of The Federated Americar ! ! So 
meties makes two distinct and notable eontribu ro 
rressive upbuilding of engineering as a profession. through 
e avowal that the prime objeet of the o1 
irther the public welfare,” and again in its stand “for principle 
ol public t\ and open meetings,” This latter ror’ ~ ! ds 1 
new note in quasi-pubhe organizations, 
But elsewhere in this constitution and by-laws on s to 


discern anv desire to get away trom the traditional tvpe of o1 


ganization which has heretofore trammelled American eneinee! 


hodies especially in their work for the publie. 
()t vastly greater importance, however, than ar sible de 


ects in the type of organization adopted is the complete fail 
ire to recognize the necessity for enlisting the interest—ave, the 
enthusiasm—of the rank and file of the profession if we are to 
accomplish even a tithe of the task which the times demand of 
us. 


In bringing about a union of all the engineering societies in 


the United States we are seeking fundamentally to effect three 
things: 


ENGINEERING 


l The solidarity ot the profession 
4 To have ovr group thus ilied, accept ts pubis. 


responsipDlillies, abe 


3 Gradually to «ae elop and the ’ ise the collect , 
initiative thus create for the accomplishment 
ot great publie purposes 
The engineers of the United State — 
100,000—possibly 200,000 Within a a ere ry 
possible that this may be increased to o00,000 Anvthu short 
of an etfort to bring everv one o t hows —_ 
into the fray by giving them a direct vo | a 
be in the first place to go eounter to 
democratic theor but of eve r ar i , 


would deprive thre new Federation ort tire 


educating and gradually enthusing the r 
ist the kind of opportunity which was n edo 
provide that the members of the Americar ngmee! { 
Syouta he elected ) the votes ot the Meme! 
7 ations rather han b the boards o 4 ’ 
In tac the whole conception of 1 new k¢ ! . 
pressed il cheme « orga illo! Lppealr oO ed 
most to the point o nsuring ulure l} h 
ecause it creates a typical super-organizati D rather - 
ire to recognize that power of the kind that mak tor 
! teousness and the public welfare is grounde: ! i 
es and devotion of the whole body—whatever that body may 
’ pa eal eciinieal org ilo! or he whole people 
| t rt nh «re y e Federatio el! ive bee! > pro 
(it L Dboal S| ! ‘ ( spea lol rie ( rineertil Ol 
her tl ’ ‘ htlevrat he ole ‘ . ! I 
waks it Ww 
1 Have some ng to s ’ 
Z ft Sil earry re Sol ible Co 
~ f ‘ ! < TT ! ttiis i- t 0 i \ I Cs 
( — 1? a sé eo? ’ ) ‘ 7 (ee ’ ‘ we 
rie al \ I ‘ rye Vil ( While ( ner 
l on ‘ elle ‘ 


Morris L ( 


ihignment « rts whi l ive rece! ‘ struete » +t} 
letermination ¢ stress in thr hollow « . d to 
foree fits These charts are based on Birnie’s ! c} 
he Ow evlinders, diapted to e ¢ e whe the exter re 
Ss Zero iven in Fig. 2—in whicel 
maximum fiber stress 
allowance, or difference betwee mside diameter t hub 
and diameter of shaft 
| modulus of elasticity of shaft 
By modulus of elasticity of hub 
R. radius of shatt 
R outside radius of hub 
l ‘(t,.f 
Ii 1 has beer constructed to ¢ ! ‘ é 
formula and Fig. 2 to obtain the value of tl havi Heer 
previously determined. Their use can best be explained by the 
solution of a definite problem. 
Assume a steel shaft 215 in. in diameter (R 114 in.) to be 
forced into a cast-iron hub 514 in. outside diameter (R, 254 in.) 


with an allowance (e) of 0.0025 in. 
000,000 for steel and F), 


Solu f ion ° 


Assume also that / 30.- 
28,000 000 tor cast iron. 


| Lay a straight edge across the two points R 


ts 114 in. and 
R) 2°, in. of Fig. 1 and read A 1.854 on the A-seale. 
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2 Obtain point w by laying a straight edge across the two 
points A 1.854 and Ey» 28,000,000 on Fig. 2 and noting 
where it intersects the vertical ungraduated seale. 
3 Connect points « 0.0025 in. and RP, 114 in. by the line st. 


$+ Draw through point wa line wr parallel to st and read on 


the horizontal seale fy; 21,000 Ib. per sq. in. An algebraic solu 
' 
} 
< 
~ . | 
aw 
— t 
« 
} 
1% ~ 
os 
Y 
‘ , s 2 ¢RS*+4Rp, 
: a ; 7 
J3(Ry, Rs) 
\'/e s 
| 12 ney 
; Re-Rn-A : 
Ve 
i, = 
»/3 G 
Ye 
V4 
Fic. 1 Fisper Stress Causep By Force Firs. CHuArt FoR DETER 
MINING VALUE or A IN BIRNIE’S FORMULA (SEE FIG, 2) 


tion of the two equations gives 4 1.8542 and f; 20,970 Ib. 


per sq. in. 
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are 


5 in., while the inside 
from 4 in. to 20 i, 


changed, which simply means 
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to 2 4 in. to 
range 1s tor Lt, and Rp 


In either ease the straight line cuts the value 


in. and RF, trom 


from 2 in. to 6 in. 


for values of Ry from V4 in. 


of A on the right-hand seale. 

It will also be noticed that in Fig. 2 the f;- and R,- seales have 
been so constructed that they are the same length and their grad 
uations of the same length. If, then, these two scales be inter 


interchanging the numerical values, 


ehart will be obtained tor inter 


the seales beime identical, a 
secting index lines instead of parallel index lines. The secondary 
values on these two seales are for that purpose. The solution of 
the problem tor interseeting lines is shown by the dotted lines 
and is obtained as follows: 

1 In Fig. 2 draw line gur as betore. 

2 Connect points 0.0025 in. and RF, lt, in., Rs now 
being on the horizontal seale (line sw). 

3 Draw a straight line through the intersection (y) of the line 


sw and fixed diagonal DB, and point uw and at « read f; 21,000 
lb. per sq. in. on the secondary values of vertical scale BC. 

The use of interseeting index lines has certain advantages and 
The 


chart of Fig. 2 has the advantage of using either or both together, 


disadvantages, as has also the use of parallel index lines 
taking the mean value of the two results. The original peneil-line 
charts give very accurate results, but their accuracy, of course, 
deereases through reproduction on a smaller seale. 
The Fig. 2 
A = 1.333, for A 
Ry, and Pg 
desired limits. 
It will be noticed that a chart of this type has one very great 


A seal ol need not nave Deer vraduated below 


can never be less than that value for positive 


values of The seales may also be extended to any 


advantage over that of the ordinary logarithmic chart, in that the 


are all natural seales, Le., not logarithmic, and therefore 


s ales 


the graduations do not close up and become very small at one 


end. For example, a fiber stress of 29,300 Ib. per sq. in. 1s just 
as easy to read from the chart as one of 11,300 |b., and if the 
scale were continued to 100,000 Ib. it would still be just as easy 
to read, which would not be true of a logarithmic seale. . 
S. R. CUMMINGS 


Cambridge, Mass. 


Load-Speed Capacities of Radial Ball Bearings 


It will be noticed in Fig. 1 that for small values of Rs, and R) lo rik Eprror: 
(below RP, 2 in. and Ey 5 in.) the points determining thie The purpose of this communication is to arouse interest in a 
straight line are very close together, and theretore the position subject, often incorrect treated, with a view of pointing out 
of the line cannot be accurately determined. ‘To obtain more a correct solution. Ball bearings are in such general use and 
aceurate values of A in this region, a second seale has been added under such varied conditions that the engineer must have a 
to the Ry- and R,- axes. The outside graduations of these axes accurate formula for caleulating their strength. 
e = There are at present two widely used 
A sete Gob in Tieacennet tee ot . 
: 2 formule tor figuring the — load-speed 
4 N iB , ¢haracteristies of radial or annular ball 
s ; S bearings. One is the Hess-Bnght or D.W 
. fo mula 
: 9 ¢ i i na 
\ a s ; 
4. — a In which W load in lh. 
En . , ¢ -= 10,00 n=number of balls 
Va : a 
: o d=diameter of balls in cighths 
3+ 15,000 ¢ of an inch 
pe fy : k=a constant varvi 
: b= stant varying with the 
En a , 4u. 20 : condition and type of bear 
¢ x % i 
Q / : ing, as also with the material 
a < . A and speed, 
H y/ es en a lhe second formula is that worked out 
u il ‘ by Protessor Goo! 
r ‘ »¢ JE,EseA ero ae ¢ zr . - 2 : : 
es ) ap eee ( Vs s W=knd’/( RD-+-Cd) 
4 2R.GEsA+2E;, ) : ; 
‘a > : a PE igs In which W=load in Ib. 
Oxy, A Y. (F.)=30,000,00 n=number of balls 
lan ee / a 2 5 )* 30,000, 006 
4) Wx D=diameter of outer ring race 
ay wetryy - So 6 in inches 
‘¢ iii: > ii oeala Sale lini Sale aati: ale 
? 200 10,000 15,000 20,000 25,000. 30,000 d=ball diameter in inches 
» “4 Maximum Fiber Stress (f;) in Pounds ver eas Rael % 
u r Stress(f;) in Pounds per Square Inc R=r.p.m. 
c J + 2 +9) 7 
Radius of Shaft (Rs) in Inches K and ¢ constants having the 
Fic. 2. CHart rok DETERMINING MAXIMUM Finer Stress (f,) CAUSED By Force Fits values given below: 
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their maximum speed at intini The curves shown by so ( 
are the values given by Go nad the ditional « e 
are a modification ot 1! hich w ve deseribe 
4 formula has been derive by the w r for mar n 
sale speed ot a bearing unde oO id I } heen worked ; 
from the standpoint of cent or ! irge t 
sali s used It reduces t 
i A z) 
| Wile i mia lm sa | l 
I) llameter ¢ ‘ e! " ‘ 
hall « imeter i re 
A a constant o wl " hie O00 
ass ned 
his value is correct tor radial bear ‘ 
1 radius 0.54 of the ball diameter, made of allo tee] hardened 
clear through, and of the best accuracy known t e al 
To vse this formula the values given by the Good: ort , 
are plotted The maximum speed } hngured ro rie Hove 
formula and plotted on the codrdinate of zero load. Throueg this 


point a line is drawn tangent to the curve previously plotted he 
result obtained is shown in the graph. This results, for la 
bearings, in a considerable reduction in the load-carrying capacit 
at the higher speeds 

Che writer is indebted to Mr. Harry R. Reynolds for assistane 


Why Not a 
fo THE Epiro 


Many of our 


Tool-Drafting Standard? 


members who have been connected wit the eta 
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f 
hia z i tM) AM tM 
I t rit vrooved Ces iM) LAO 20000) 
It t —! mM) 1 ne 
It Z i SOM OOOO) to BOAOOLOOG 
As corres stated by the ‘ e dh Dr t 
bor capacity of a bear ere ‘ roportio 
to e number of ball iid the square of the ba imneter Ihe 
capaci ecreases with the peed mad uri 14 ie 
matemal of the bearing All of the arab ( med 
have been combined by some method in the ol 
the writer’s experience it would seem that T 
be worked out tor every speed This om ( eV 
overworked constant and harder to assign a i 
to figure the load-speed characteristics o al 
basi 
Let i look at the Goodman tormula w he ) , 
view We tind that the load increases wit! ! } 
| 
P 
| 
L - ; a 
I! VARIATION OF LOAD COMPOSITION OF REPRES BALI 
BEARINGS WIth Speep in R. P.M 
ind, since @ is expressed in the numerator and Ml 
‘ Vith the se ire of the ball diamete The en ‘ 
ese tacts agreed to by all ball-bearing tor t \\ iso 
find that the capacity decreases with the speed, whi s quite 
obviously tru It also decreases with an increase e diam 
eter of the outer ring race, or in other words the dia er oO 
the enelosing cirele around the balls We will se ( rhe 
of this assumption if we consider two bearings identical 1 mnber 
and size of balls but one having an outer ring race of greate! 
diameter than the other. If the balls are evenly spaced there 
will be a greater length of are between balls in the larger 
bearing than in the small one, and this naturally gives rise 
to a greater chance for detlection in the outer rng We have 
left two constants which vary as shown in the table only for 
certain specific conditions, a value therefore being easily given 


them. 


It appears trom the foregoing that the Goodman formula is by 


ir the more lomieal. There is, however, one consideration that 


this formula, and in fact all formule, neglects, namely, the maxi 


mum speed at which a bearing may be run. As shown in Fig. 3, 


which graph was obtained by plotting the Goodman formula for 


. few representative bearings, the eurves reach zero load 


manufacturing industry tor many vears can remember whet 
tool drafting consisted mostly of verbal information, with pet 
haps a rough sketch of what was desired. This has been sup 
planted by more modern methods and the writer believes that 
tool designing and tool drafting have reached a stage today 
worthy ot a consideration of some sort of eodified standardiza 
tion 

During 18 vears of experience as tool maker and tool «cle 
signer the writer has had the opportunity to observe many dit 
ferent uses of lines, letters, figures and symbols to express al 
idea, the majority of which failed to give a complete conception 
of the tools wanted. Mechanical engineers and elhiet drafttsmet 
who in times of stress have ad recourse to outside engineering 
firms to design and draw up the tooling of a new product, will 
our for the time lost in attempting to adapt drawings made 
by these outside firms to the system in vogue in their own draft 
ing department Suc ditheulties could be overeome there 
was available some standard accore ng to whit the wor micht 
De ale ‘ 

er « ests erelore it the newly created machine 

OD ¢clion of the Society nvestigate the possibilities of ar 
A. S M. ki. tool dratting code whereby the best methods of ex 
pressing an idea by means of lines, letters, figures, and sym 
hols would torm some sort of universal lat vruage, the economical 
value ot which would soon be felt 


kK lmira, 
New 


he bill | 


N. % 


Licensing Engineers 


ineers in the 


York State Legislature Passes Bill for 


or 


icensing eng State of New York, adopted 
by the legislature in April 1920, became a law on May 14, 1920, 
when it was signed by Governor Smith. The bill is based upon 
Engineering Couneil’s recommended uniform registration law, 
with certain modifications and changes conforming to the pro 


Visions of e isti 


¢ law, a bill requiring the licensing of architects 
| 
the bill 


mended by Engineering Council may be found on pages 77 and 


already having been enacted. A discussion of as recom 


78 of the January, 1920 issue of MECHANICAL ENGINEERING 
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A Plea for the Development of Our Water Powers 


(THE 


look lo 


people, of a right, should 
the 


way in the utilization of na- 


engineer to point 
the 
ture’s forces which will result in the 
toil, as 


relief from human 


they have looked in the past to the 


greatest 


medieal profession for relief from 
ills. The 


the good to come 


human people’s faith in 


from the engi- 
neer’s work is well expressed in the 
the 
Institutions. 

There has been installed recently 


generous support given Engi- 


neering Edueational 


at Niagara Falls a combined hydro 





electric unit of 40,000 horsepower 

W. M. Wuiti capacity. The operation of this 

unit requires two men per shift. 

It has been calculated that to produce the same amount of power 


be the ease were tl 


would DS 


by small isolated steam plants, as 
water power not developed, there would be required over 800 men 
break, screen, load, transport by railroad, unload, 
store, rehandle, and fire under boilers the coal to de- 
The operation of this 


to mine, hoist, 
necessary 
velop by steam an equal amount of power. 
one unit conserves not only one train load of coal per day, but 
also conserves the man power which would be required to produce 
it. This striking example shows the great amount of man power 
which can be conserved for other fields of endeavor by developing 
our water powers. 

May it not be that the shortage of labor to accomplish the 
tasks before us today has been brought about by the failure to 
follow that path in the development of our natural resources 
which leads to the minimum of human toil? 

Some time ago a member of the British Parliament pointed 
out in open meeting that the American workman has twice the 
horsepower per man behind him that the British workman has, 
and gave this as the reason for the ability of the manufacturers 
in the United States to pay to labor wages twice that paid in 
England and yet compete successfully in the Worid’s markets in 
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manufactured products. We have the power behind the workman, 


but the major portion of it is steam power, and we are paying 
a dear price for that power in men absorbed. 
The economic advantage which the United States has heretofore 


enjoved by reason of adequate power is being sought by other 


nations. For example, Japan only recently began the develop 


ment of her water powers, but has already developed one and a 
half million of her total eight million water horsepower. 


Failure to develop our water horsepowers has been seriously 


retarded due to a wrong conception of conservation, as manile stly 


there can be no true conservation as long as the power In the 


rivers 1s running to waste. 


The shortage ol labor which has increased the price ol coal 


and the shortage of tuel oil, forees to our attention the necessity 


for the development of a large amount of our water powers dur 


ing the next decade. 


Laws have just been enacted governing the development. of 


water power on Government Lands which will greatly influence 


hydro-electric development, particularly in the Western States. 


It seems a fitting task of the engimeer to urge and aid the develop 


ment of our water powers under the new law. 

There has been developed in the | nited States today Approx 
mately nine million horsepower from water power, and there is 
yet available for development by this same means over fifty mil 
lon horsepower; the development of which would save the 


of one million men. 


When the war came on we were lamentably short in certain 
chemicals, chemical compounds and alloys. TI i “tial portion 
of our water powers which had been developed proved a great 
asset in our national crisis. That great portion of our resources 
In water power which Was vet undeveloped was of no value u 


, 
‘ { 
eoutrol ot 


The 


meeting the great emergency. (rovernment too 


the developed powers and directed their energy to war work 
solely. Water power centers became great producing communities 
in all things chemical. The energies of the great developed water 
powers were let loose in electric furnaces, and in electrolytic cells 
for making good the shortage in chemicals, chemical compounds, 


and alloys, but even this was not suflicient to meet the 


emergency. 


Huge steam plants were hurriedly constructed to supply addi 
tional power for this purpose, but this great construction work 
required labor not only for the construction, but tor the operation 
of such plants which required enormous quantities of coal, thus 
absorbing man power at a time when every potential fighting 
unit should have been available for the front 

The development of our fifty millon water horsepower now 
running to waste would mean not onlv a tremendous economie 
advantage to the people but a potential asset whieh might prove 


of inealeulable value in case of war requiring the concentration of 


the man foree of the nation for other than domestic uses 


Karly developme t of the water powers would | the ere: 


move whieh could be made in true ¢ 


Wis. 


the direction ot mservation. 


Wa. Monson WHITe. 


Milwaukee, 


The Important Water Power Problem 

A study of the severe transportation problem has resulted in 
offering as a solution, vitally interesting to the engineer, the 
elimination of coal movements by developing the power at the 
mines, and uniting in one big system the power lines of the large 
centers. and of 
the 
problem of hydraulic power development. 


industrial Of equal interest in this problem, 


great value in conservation otf our tuel resources, is the 

In our desire to bring this problem home to the mechanical 
engineers of the country, several pages in the Survey of Engineer- 
ing Progress in this issue are given to a digest of notable engineer- 
ing articles covering the development of hydraulic machinery. 
Our signed editorial this month also bears on this problem, point- 
out a that 


greater utilization of water power. 


ing conservation in man power may be gained by 


The use of our hydraulic resources is a nation-wide question 
which commends itself to mechanical engineers, whether closely 
associated with its development or not. 
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The Raising of Engineering Limits 


Throughout the entire field of engineer there has recently 
beer apparent a tendeney to Talis the hi! Is of working tar he 
yond what was considered either sate or « mere 1? wticable 
only a tew vears ago 

Tr the General Eleetrie design ot a er-powel tation le 
eribed im the Aucus issue ol MECHAN | if 1s 
proposed to u a eam pressure ol 300 |b. : perhent « 350 
cle fahy the implhieation being that pipe, ! fitting 
ean now be commercially produced that \ ! ‘ ‘ ve 
priest nea ( \ ifelv stand these ‘ ‘ ermal 

rs ly ‘ ot) » pressure to) wrheat 
are by no meat e limiting ues under « G00 
ty ’ rs ' Tpererl ergo i\ Thiel ( Tie 
near future re commercial i ‘ 

I field of refrigeration we ha | 
limit of possibil Prof. Kamm 0 all 
na eon \\ ! > or L cle 0 tne abs ‘ ré 
bye preypolie mn commercial work, | 0 hat 

i? ? }? ” ~ tperver eit t ! i 
merenally 

| I ( ‘ rere ires oO er 1 ( 
bere i aon l () \ tew ( 

‘ ' 1 A bes of p . vEYT 

rious Linde processes tor the separ 
co ‘ yopoiie 1 ! ire being 1 tele ’ ‘ 
res re ny ) " 

t eer te | ‘ ‘ 

\ \ P , , — ’ 

o ) ‘ ! ) ire, compl ete ( 
rT wo ‘ lr the fil ] ‘ ! 
bye mater oul ) 0 

! hai ~t ‘ ‘) ’ 
e stre { SO 00) ) res 

‘ " ‘ tre! ( ‘ 

RL ) p = ol one hig ‘ 

i} — Mi re Vel I oul 4 

‘ ) re ‘ i = al ¢ 

t ! i ! ~ ’ ~ rie 

" ‘ i ew ears ; 

ly cond pola e lmproveme! nou cl 

1 prrwe lence the s ‘ | his 
econner ere ne illustration may be « hela 
of u combustion engineering The D Ise 

: it solid ection which is effectes el 
mu ) erin i pressure of OOOO Ib. per sa able 
part ne I unp, however, is lt 
ppcual herelore i } is hecole 
puu ithal ¢ with sue i! wcurdatle sSure 
ot seve! ’ he square meh ma eh ( easy 
1 ly dvance this repres« ol 
orton hing oD OVeCSSCS 

I Wei\ allie I inti. has hecome Poss tole ! rove 
me e machine tools themselves, and espee h the 
fact tl he are ot onlv built better and o erials, 
but re ir more massive and rigid than the ‘ 1 ” a Lew 
vears wre 

In the 50's o he last century, when the scient orld was 
still bemng taught the tull realization ot the prince ppl ot the con 


servation of energy, a favorite illustration used to be the lighting 


of a match. It was said that the world represented s a closely 


balanced u content 


the 


it that the release of the potential eat-e! 


in match was immediately reflected throughout the universe. 


The burning of the mateh raised the temperature of the surround- 
ing atmosphere that produced a flow of air upwards which re- 
sulted in a tiny wind, ete. 

Practically the be 


tools 


omena 1s to 


same close co-working of phen 
The 


and methods of machining makes possible the use of temperatures, 


observed in engineering. improvement of materials, 
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pressures and compressions ereatel than any that ive tbe ‘ 
betore. This. in its turn, ealls attention to the econo ( ‘ 
possibilities of the | wher 31 s and eall lor new ¢ I | 
prove still further the ! process nd machi 1 
duction. 

As a matter ol tae ol ‘ ‘ hiy , 
to close limits ave beel at I i 
{ey evample thi Pay | \ 
remarkable part of this rl ‘ 
to produce surlace ( lf flats ( f 
tovether they a ere o each ! 

The production of suel irta 
=e i I fer ele is wave l nu re ) 

| suryp. tuted by Mr. Jol ! 
thie “Hl ! 0” ( ') "> i ! 
oO joni meta Gage blocks re re 
precisiol na whel ne sut wee ( two cl no 
reLher ikes a toree of hundreds ot p ! ) ! 
One step furthe i t mig become possib 
with two « perter surtaces ha when bro ! ‘ ( 
would exert upon each othe their tull molecular ! d 

ill practical purposes, become one In other 
ly hea \ eh = nothin hut brir ing two me 

vhiecl molecu r attractiol becomes Possible T 
hy machining the two parts to a condition where tl ! 
W lif be Drou { ibou 

Sur wcomp ment ( ed vould be 
| mab Y ( nder our present knowl I ! 

ed, evel n illusti m of the gre é ha 

oOo! mo ! el 1! ‘ } é ) yroucht 

’ ’ ‘ ~~ ‘ i eT ai ) 
( pre ( ad} ‘ ‘ 4 0 } ? ~ 


Observations on the Work of the National Public 
Works Department Association 





a ( who ! ‘ tiie publi works oVvel { 

’ \ ( eco }) eT! s oO adatle ah) ( ! i 
plan wisely ! iture This is a period otf ree n legisla 
tive matters ‘| e are given an opportunity to derive lesso 
fron ‘ nts of the p e National Publie Ws Depart 

el \<son ol here ‘ } this review nfidens 
that the supporters ¢ he move t ! eno re regret 
I Ir participatiol here 

Like all other movements of t! nd, there ‘ wl 
here is 1 hle progres ! ~ evelopn 
( he d erned only by tho ‘ yu \\ re ow it 
preparation tor achievement e Sess Conger 
There could b o final suesess es I pmer 
tor they are as necessary Oo the ! enna ent t ( I 
bv Congress he Presid DI ' 
ment miowl 1 SN 

We have won decisively 1 1 rst phase ) ‘ 
which is the establishment of the underlying prineiple el 
Indieation ean be bel 1a Denar ! t ot Pubhe Works w hy 
ereated. The leaders of Congress at ! creeme n the 
principle and some of them are working on its details during the 
present legislative recess. The candidates for pres d vice 
president in both great parties have signified their appro and 
in this they are in step with the great leaders of thoug and 
action the country over. 

The seeond phase of the ean paign, which consists t securing 
the right kind of a de partment of p ibhie works, w be more 
laborious than the first. It involves the minute cor ration of 

1The National Public Works Department As it m 
posed of individuals, associations and of nationa tate nd 80 ‘ 
having an aggregate membership of over 100,000 business mer ng rs 
architects constructors, manufacturers chemists g S ind « 
nomists Its purpose is to organize tl e mani . 
varied public works functions of the ment MO] 
ton is chairman of the Association enery r ry I 
Association's headquarters are in the McLacl n Bldg 1 1 ¢ St 


Washington, D. C 
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details, the sifting of evidence and the presentation of the results 
in eonvineing form. 
the 


merely because the principle has been accepted. It 


The supporters of this movement should 


not make mistake of believing that the campaign is over 
is obvious 
that the wrong kind of a Department of Publie Works will be 
as bad if not worse than the present organization of governmental 
Lunetions. 

set back 
the 


his was plainly due, first 


The most troublesome as well as the most inexcusabl 
the 


United States Chamber of Commerce. 


has been failure of the movement in the referendum of 
to the lack of adequate publicity, and second, to the inaction otf 
the loeal engineering bodies which were depended upon to tak 
the local commercial 


Our finances would not permit us to handle the first, but we had 


eare ol issue in their own organizations 


every good reason to expect diligence on the part of “ our own 
crowd ” in the second. Evidenee is constantly being accumulated 
that the important commercial bodies which voted adversely on 
that referendum did so in ignorance of the character, intent, and 
purport of the movement. 

The principles underlying the publie works movement—economy 
and efficiency and businesslike conduct of the Government’s at 
fairs 


are not confined to the public works functionss The need 


is apparent in every line of Government functions. The Repub 
liean Party, for example, has adopted the principle as one of the 
planks in its platform. Reorganization of all departmental tune 
part of the 
legislative program as any other feature now before the public. 
It has been remarked in places that the publie works department 
advocates may have done their job too well and have put forward 


tions is as certain and steadfast a Congressional 


so logical and persuasive a set of facts and principles that they 
must perforce be applied to the entire government structure with 
the possibility that the creation of the publie works department 
may be delayed pending reform of all government functions 
We are assured, however, that there will be no danger of such a 
result if the technical men of the country faithfully continue their 
activities on behalf of a public works department. 

One of the most persuasive arguments against a proposal to 
delay the publie works feature pending the announcement of a 
general reorganization bill is that previous efforts toward general 
reorganization have failed, first, because of the size and complex 
ity of the job and, second, because it encountered so many points 
of opposition in the Federal bureaus. It is the opinion of such 
leaders in Congress as Senators Smoot of Utah and MeCormick 
of Illinois, of Speaker Gillett of the House and of Representa 
tives Madden of Illinois and Nebraska that 
will depend on the selection of one set of functions and the logical 
adjustment of them so that the underlying principle may be 
established in statutory form. 


Reavis of success 


It is agreed that the first and most 
logical set of functions is that which comprises the nation’s public 
works, 

l'rom the present until the convening of Congress on the first 
‘Tuesday of December next, the engineers, architects, and technical 
men of other branches throughout the country have a rare op- 
portunity to further this movement, because Congress is in recess 
and the representatives are at home. If each man who is con- 
vinced of the necessity for this reform would embrace this op 
portunity to instruct his representative in Congress and to enlist 
his active codperation in the furtherance of this legislation, 
progress at the next session of Congress would be rapid and 
certain. For the present, members of Congress are almost out 
of reach of the Association’s officers. The field of intensive effort 
has shifted “ back home” where the technical men of the country 
may render “ first aid.” 


Washington, D. C. M. O. LeiguTon. 


Report on Industrial Conference Available 


The American Society of Mechanical Engineers has on file at 
headquarters a limited number of copies of the Report of the 
Industrial Conference called by the President on December 1, 
1919. The Society will be glad to furnish copies to those inter- 
ested. 
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Charles Whiting Baker Retires from Journalism 

to Enter New Field 
Whiting Mem.Am.Soc.M.E., 


in-chiet of Engineering News and later consulting editor of Eng: 


Charles Baker, formerly editon 


neering News-Record, announces his retirement trom engineering 


journalism, in which he has so long been identified, to beeome 


managing director of a new service for the engineering and tech 


nieal industries. Realizing the difficulty often experienced in 


bringing together those who have engineering properties to sell, 
and possible purchasers who have had experience In the fields 
of these industries and are qualified to manage them, Mr. Baker 
is to establish an engineering business exchange where owners 


and qualified customers may conveniently meet. 

Mr. Baker has been connected with engineering journalism tot 
thirty-four years, during twenty-two of which he was editer-i 
chiet of Vews. 


engineering N rd are quite familiar with the laminating 


Engineering 
ws-Ree 
quality of his writings and the breadth of view so often expressed 
As editor of a 
ing, he had to deal with much construction work ot 


and ol 


Readers of this publication 


in his editorial comment journal of civil engineet 


i rouble ehal 


acter, and his editorials have consistently discussed the broad 


aspects ol such ‘ terprises it which thie publi I~ Tally con 


cerned. He has never been one of those who regard the tield ot 


engineering as restricted to the materials, the laws, and the 


of nature. On the contrary, he has been a pioneer in advocat 


the close association of the engmeer with matters concerning the 
public interest and the human relations of society—matters whie 
are now so. much discussed in connection with the formation of 


the Federation of the American Engineering Societies. 
In wishing Mr. Baker unqualified success in his new undertak 


tell 


greatly miss lis frequent and valued contributions to the 


ing, we must also him that in the vears to come we shall 


press—we hope they still may be occasional. 


Minnesota Proposes State Federation 
of Architects and Engineers 
and trom all 


Duluth 
State 


Representative architects engineers parts of 


Minnesota recently met at ind took the first ste p toward 
Architects and Eng 


in attendanee, 


the organization of a Federation ot 


neers. The unanimous sentiment of those 


The 
by unification 


reports 
such a federation. Only 
the 


and architects of Minnesota have the power and weight of num 


American Architect, was in tavor ot 


into one state-wide organization will engineers 
bers behind them to force attention to matters of publie concern, 
having to do with problems of engineering and architecture, o1 
with the regulation of affairs affecting their joint interests. 

It was pointed out by Max Toltz, chairman of dh 


that there are about 4800 engineers 


meeting, 
, architects, and Craftsmen in 
Minnesota. Many of these men are not identified with any exist 
ing organization. It is not the purpose of the men who are back 


of the proposed federation to supplant any existing organization. 


National Research Council Elects New Officers 


The National Research Couneil, which was organ’zed in 1916 
under the direction of the National Academy of Sciences, has 
just elected new officers for the year beginning July 1, 1920. 


These are as follows: Chairman, H. A. Bumstead, professor of 
physies and director of the Sloane Physical Laboratory, Yal 
University; First Vice-Chairman, C. D. Waleott, president of the 
National Academy of Sciences and secretary of the Smithsonian 
Institution; Second Vice-Chairman, Gano Dunn, president of the 
J. G. White Corporation, New York; Third Vice-Chairman, R. A. 
Millikan, professor of physics, University of Chicago; Secretary, 
Vernon Stanford University; 
Treasurer, F. L. Ransome, treasurer of the National Academy of 
Sciences. 


Kellogg, professor of biology, 
] E! 


The National Research Council was one of the potent factors 
the 
re- 


in development of scientific and research problems during 
war. Originally created to deal with such problems, it was 
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organized in 1918 on a peace-timne basis and is now funetional of Honor to Lou LD. Beaumont, donor of the monume 
through five divisions, namely those of Physical Seiences, Engi ernor of The Aero Club of America, and a prominet ieee 
neering, Chemistry and Chemical Technology, Geology and Geog aviation during the wat 
rap! vy. and Biology ana Agriculture The Wilbur \\ right monument, taeime the east i The r 
des Jacobins, is the work r tl rene} ptor P Lan 
L. s. Chamber of Commerce Records Its dowski and the architect Bigo Stans 1) of} yease 
Views on Industrial Relations carved with figures in bas-rehet of Wilbur and Or \ 
: ind of Léon Bollée It also earriv thre ‘ of the — 
Overwhelming approval lta platlorm setting m twe ! sors of aviatiot from the time o De , a . 
ciples of industrial relations has been given b ‘ embership who gave their lives for the develop 
ot the Chamber of Commerce of the United Stat ferer 
dum ote, the re sult of which were recently annou ‘ ante 


tuken was on the report of a special committee of 


hoard of direetor This report went deeply in 

the employment relation and recommended amor hey VW 

recognition ot the right ol open shop operalior re ! ot 

employers and emplovees to deal directly w 

participation by outside interes 
At the e time the Chamber's members! 

endum vote is approved a report ol (Conn ‘ }’ 
ities recommending that stmkes by publi 

should) be exphieitl prohibited ane rib 

created pb mw to adjudicate rn cdle« shal ‘ 

difference het we publie utilities corpon 

plovees The vote on the two reterenda was 

record by the Chamber on any subject 


Sir Robert Hadfield Prize 


Sir Robert A. Hadfield, D.Se., D.Met., FRCS. | 





the hands of the Institution of Mechameal Enginees | 
the sum of £200, the income theretrom to be aware t 
eretion of the Couneil of the Institution as pr 
for the deseription of a new and accurate me 
the hardness of metals, especially of metals ot 
hardness 

Competitors should tamularize themselve \\ 
tests of hardness, such as are deseribed in the R pra 1] 
ness Tests Research Committee (Pr liy of the | 
of Mechanical Engineers, 1916, pages 677 to 778 \\ 
sired s the deseript on ot a researe tor o1 i ‘ 
some method of aceurately determining hard 
application in metallurgieal work in cases in whicl 
ods partially fai 

The Couneil of the Institution will consider annu all cor 
munications received, and may then award a prize or prize ut 
in January, 1922, the offer of prizes will be withdrawn. n\ 

THe Witeur Wright MoNnuMENT 


inexpended balance of the Prize Fund will be divert 


other purposes to be determined at the diseretion rT ( 
Communications should hy accompanied hy seal draw rs olds at its summit tlie splendi hvure of 1 nial ree ne 
inv new apparatus deseribed, or by a model or an cample of the skies. 
the apparatus itself If the communication deseribes new ll Admiral Magruder, who represented the American Ambassa 
| ention likely to be of commercial value, it is desirable that provi dor, spoke in Frenel He said in part: 
sional protection should have been obtained before it is submitted The names of Wilbur and Orville Wright ive added t St 
or consideration. Communieations should be addressed to The to those of the gr American inven H M 
: : ‘diso and an I d of the thought that ‘ v-citizer } ‘ 
Institution of Mechanical Engineers, 11 Great George Street. Edison, and I a houg 
\\ ‘ contributed to give the world a fine han befor Amé ! 
> stmingst XS , 
estminster, London, W. 1 are a practical race What I admire among you, my friends ot 
France, is that vou know how to join the lea vith the practica 
(me will never forget the names of Latha Bler Pégou i 


Monument to Wilbur Wright Is Presented ; am, : ES 
: tors before the great war During the al W rigl 


Lo Le Mans permitted other Frenchmen to make eve (Gj 
Tribute to the lite and work of Wilbur Wrelht. Amenear os, Gilbert, and the incomparable mas ne ‘ 
loneer in aviation, was recently paid by the unveiling in Le Under the Admiral’s supervision a stalwart American marine 
Mans, France, of a supe rb monument. The oeeasion ot the un placed a wreath at the foot of the statue, the gift of the towns 


a large people of Wilbur Wright’s home, Dayton, Ohio. 
Former Ambassador Herrick recalled the prominenc 

le Constant, home state, Ohio, whieh has given Edison and e Wrichts to 

the steps which brought Wilbur 


eiling, on July 17, was a notable one, being attended by 
imber of prominent Frenchmen and Americans. 
Speeches were made by Baron d’Estournelles « tl 
resident of the Wilbur Wright Committee; M. Castille, Mayor civilization, and rehearsed 
f Le Mans; Rear-Admiral T. P. Magruder, representing Hugh Wright to France in 1908. He also lauded the names of Ame 


Wallace, the American Ambassador to France; Comte Henn vealing 
e La Vauls, M. Stephen Lausanne and Mr. Myron T. Herrick, — their close relation, in their final suecess, to France and French 
ormer United States Ambassador. The dedication exercises con- assistance, and he concluded with a fervent appeal for the fos 


cluded with the presentation of the Grand Cordon of the Legion 


ican inventors from the time of Fulton and Franklin, re 


tering of a common Franco-American spirit. 
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Amos Whitney Dies 


Amos Wh tneyv, one ot the the 
early growth of the New England machine-tool industry, a mem 
ber of the A.S.M.E. since 1913, died on the Poland 
Springs House, Poland Me. 


most conspicuous hgures in 


‘ August 5, at 


Springs, Mr. Whitney was born 


88 vears ago on October 8, 1832, in Biddeford, Me. He came 
from distinguished Colonial and English ancestry. In this coun 
try the family has continuously held a prominent place, many ot 


its members showing decided mechanical tastes as Eh Whitney, In 


ventor of the cotton gin, Baxter D. Whitney, the Winchendon 
machine builder, and Amos Whitne vy. 

He was apprenticed at the age of 14 to the Essex Machine Co. 
of Lawrence, Mass. Six years later he moved to Harttord where 


he was employed at Colt’s Armory, at that time the headquarters 

















for many New England mechanics. 

There he met Franeis E. Pratt, who lett shortly afterward to 
take charge of the Phoenix Iron Works, and Asa A. Cook. In 
1853 Mr. Cook also went to the Phoenix Works as a contractor, 

AMOS WHITNEY 
taking voung Whitney with him as a full partner. While ther 
Mr. Whitney became closely associated with Mr. Pratt, who 
designed the * Lineoln ” milling machines. Whether the idea ot 
the milling machine came originally trom Windsor, Vt., as some 


claim, or originated in Hartford, is difficult to prove at this time; 


the 


but \ { he is known Lincoln mil 


at anv rate t Machine as Ing 
machine all over the world. In 1860 they determined upon 
entering business together. They rented a small room where, in 


addition to their regular employment, they started the manuta 
ture of a little machine for winding thread known as a spooler. 
Within two years the business had increased to such an extent 
that they gave up their positions at the Phoenix Works and in 
In 1869 the 
& Whitney Co. was formed with a capital of $350,000, later 
increased 


1865 erected their first building on the present site. 
Prat 


t 
t 


to $000,000, and in 1893 reorganized with a eapitali 
In 1893 Mr. Whitney 
president; later he was president, in which office he continued 
until 1901, when the control of the company 
Niles-Bement-Pond Co. Mr. Whitney remained 


directors, 


zation of $3,000,000. Was made vice 


January 
th 


was 
acquired by 
cA 
Mr. Whitney's unbounded optimism was well displayed when 
It kept 


right on making standard machine tools, but selling almost noth- 


as one o I 


the Pratt & Whitney Co. went through its first panie. 


ing, until all the available storage room was filled. Then a large 


space was hired from the Weed Sewing Machine Co. and when 
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this was filled another large space was hired in Colt’s “ West 


Armory ” and this in turn was filled with finished machinery. It 


is well to note as a matter of history that when this immense 
stock finally did begin to move, it was practically sold out in 
30 days. 

Mr. Whitney took an important part in the development, in 


this country, of standard measuring instruments, one ot the first 
moves being a determined ettort to secure a sta! dard inch bloc 
His company purehased at considerable expense a standard 
rectangular bar, 1 in. square and 12 in. long, which had been 
used as a standard of measurement. Twelve l-in. eubes were then 
made as accurately as possible and tested by the 12-in, piece It 
was found that the twelve l-in. cubes were not as long as ( 
single bar, supposed to be exaetly 12 in. long. Caretul measu 
ing and comparison with such standard instruments as were avi 
able led the company to believe that the individual ineh-blocks 
were more nearly accurate than the long piece, and th \ 
afterwards proved by the Rogers-Bond comparator, whic was 
developed in the Pratt & Whitney W orks. 


At the time of |] 


us death Mr. Whitney was president of the G 


Telephone Pay Station Co., and treasurer of the Whitne M 
ifacturine Co., Hartford, which was organize vy | or 
Clarence. 

Death of Isham Randolph 

Isham Randolph, consulting engineer and for fourtee ‘ 
chiet eneineer e Sanitarv District of Chicago, dic \ 
ust 2 in that eitv. Mr. Randolph was born in Clarke ¢ ! 
Virginia, in 1848. At the age of 20 he started work as ane 
man for the Winchester & Strasburg Railroad, thus be 

long care i hich railroads plaved so larg part 

From 1880 to 1885 he was chief engineer of the Chicago & 
Western Indiana Railway and the Belt Railway of Chicago, at 
© end of which period he began private practice in ( vo 
The following vear he became chief engineer on the construc 
tion of the Chicago, Madison & Northern Railway and Fre 
port « Dodgeville Railway lor the Illinois Centra Ra rove 
In 1888 he resumed general practice in Chicago, and was col 
sulting engineer for the Union Stockyard & Transit Co., tl 
Calumet Terminal Railway, and the Baltimore & Olio Raalroa 
From 1893 until 1907, when he resigned he was chiet nee) 
of the Sanitary District of Chicago. He was retained, however, 
as consulting engineer until the end of 1912. 

In 1905 Mr. Randolph was appointed by President Rox 
velt on the Board of Consulting Engineers for the Par ; 
Canal, and he was one of the five members of the board whos 
minority report vas accepted by the President ane _ retaa 
of War, approved by the Panama Commission and adopted b 
Congress. Again, in 1908, he was one of the six « el 
who accompanied President-elect Taft to Panama to consider 
advisability of changing the plans for the Canal. 

He was ¢hairman of the Internal Improvement Co 
of Illinois which made plans for a canal from Le ekport o | ‘ 
Ill., ot the State Conservation Commussion, of the State i ! 
and Harbors Commission and of the Chicago Harbor Commis 
sion. He made an engineering study, report and plans for a 
commercial harbor tor Milwaukee and was eonsulting engineer 
From 1893 until 1907, when he resigned, he was chief engine 
tor Toronto and Baltimore on track elevation work He served 
as a member ol the Toronto Water Supply Commission. He was 
also consulting engineer for the Little River Drainage District 


of Cape Girardeau, Mo., and reviewed the plans and estimates 


for the Lake Erie and Ohio River Barge Canal. He was chairmar 


of the Florida Everglades Engineering Commission and made a 
complete report on the drainage of the swamp lands of Florida 


I 


Quee! 
c 


The report was accepted by the Governor. He designed the har 


bor system for Miami, Fla. Upon appointment by the 
Victoria Niagara Falls Park Commission he designed the Obelisk 
dam above the Horse Shoe Falls. 


] 
I 


Mr. Randolph was past-president of the Western Soviety o 
Engineers, and a member of the American Society of Civil En 


gineers and the American Institute of Consulting Engineers. 

















The Federated American Engineering Societies 


os Joint Conference Committee, whi acting: for The shall be vested in a_ body \rne n Engineering 
Federated American Engineering Societies n accordanes , _— ' 

with the instruction of the Organizing Conference held in Was AMERICAN ENGINE! CouNCH 

ington, D. C., June 3-4, 1920, has sent out to appro tely 150 


. ‘) > wii¢ sri tie ’ , ‘ 
engmeering and technical organizations an invitation to become SECTION 2. Puncti : \ 





1 - : . Consist enta es = ‘ ‘ 
a charter member of the new Federation. An i has led 
] provider in = } ‘ l 
also been extended to the same societies to appoi te ind of local and reg | affiliations 
to the first meeting ot the American Engineer ! ( el national or genera I rtam i Fu 
being planned for. this fall and of whir exte oe oF engineers 
notice will be viven later. SECTION 3 Represe ta 0 hac 
] ] x ! - ie Lol il l iff if ol sl 
{Copies ot the eonstitution and hy laws ot the ecte ‘ me +} Connecti 4 members , 
also been sent to the above societies. This eons nd in is | i ‘ t 
? 1 } } t 
printed below li! full nis ist been re leased Tor i ers 
. tha . t 4 rr ’ on « thie ! } 
cordance with the instruction of the Washington ¢ rHtes 
reg rganizations and affiliations 1 
reterred it to an editing committee tor re . ) nted 
| ( bt G@ presents this e«oanstitution ai ly t “ rganiza , 
! Ss reac Wi study the form ot e om ' I ' i nal 
e ( 
Wile pew ‘ it lo! Lime crepe ( . 
; SECTION 4 N¢ Re pe ‘ 
" ( rhe ‘ ration el ‘ R | 
} ‘ ‘ ol be on e oimsthe SECTION D VW ¢ | ( ! ! | \r M 
eritie Oo end MErEcHAY | ‘) y | i 
? 4 T ~ t ‘ 
correspondence dealing with all matters pet 
: ( 
eratiol 
x ox t. OF ‘ Che , 1 off he ( 
Constitution lect Vice-P 
f ' I" ‘ ir 
‘ | ‘ i ‘ T t tT t> ! i | re ‘ ‘ t es 
PREAMBLE ies i nia n the Bvy-] . | be an | i 
4} re } bie Sears ! te ne line 
INGINEERING ‘ nee cont ng ‘ e OTe . 
“sutilizing 1) i ng the } the Exeeutive Board. HI not b 
2 IZITE e | el ! ' for the hy he g | 
> - ‘ | B rd } ‘ ! e 
{ 
\ t 1 ! Is ris BOARD 
‘ i niritut 
i ‘ = i ] rt Now } ‘ SECTIO 7 fu i ‘ I k ay ‘ 
1 ten ul s s of the United S ( t | ged 
t I bederated Amer I s ‘ - ! { ‘ 
t ele 1 len SECTION S V/ ( } | It 
| t hie ‘ ’ ‘ hers ‘ 
na h, t 


ARTICLE 1 NAMI ! he re nder | ul, 8 region rg 


I | ‘ 
ARTICLE II OBIEC! re , tt ‘ 
e nat es ( 
‘ ! Zia n all be t ! 
‘ \ lge and engin gy OX 
" ers « 
, z SECTION O / ral DD) l 
ry g a t] list ‘ t | I ( 
, . \ \ , , : is I j hie B 4 re ] l ~ 
ARTICLE II! IEeMBERSIHIIII ' 
| huis 1 t ‘ ‘ v 
SECTION 1 \ I'he mbership v4 ~ mie bers nal 
i pt £ ‘ x and allied te rt SECTION 10 Of ‘ l l’res s« ( 
} las fe hall } resp the ¢ rmal t ] 
1 Na neering and a 1 t n | Board There shall } vo \ ( ‘ I 
a i stat ind regional engineering and 1 its members 
itions ‘ } local associations, sections, bi ‘ 
nation ganizations ARTICLE \ UNENPIRED TERMS 
> Ath! ns isistil " eora binat 
nstit Vacancies in the offices « e Presid \ Pres 
. ? ‘ 4 
a) Loca ns, branches lapters, and a Preasurer and in t hex Boa ind - 
. cad hie ' . sha ‘ 
rs of national organizations included under (14 the A ican Engineering ¢ . 
} sible * , rig © 
h) Local engineering and allied technical societies i by Ul = —— ; " 
: onal scoy officers and representatives thus chosen s 
(ce) Local engineers and members of allied tech ; terms 
their associates ARTICLE VI FUNDS 
SECTION 2. Oualification The qualifications for members! : ; 
‘ i 1OnR, rh quaiiheat n n SecTION 1 | nds for the y 
S provided n the By-Laws tributed fo] 
i ed as follows 
SECTION 3 tpplication for Vembership. Application for 1 t $ ’ : 
, . , - . (a) Each national Member-Society all cont 
» shall be made in the form and manner prescribed it be ; 
, dollar and fifty cents (81.50 per n 
“s ‘ins (6) Each local, state an ‘egional orgat i mn and I 
SECTION 4 Termination of Vembership. The member 1) ni . I - . Cm, . ind reg = : 
Member-Society shall contribute annua yn ! ar (S1.00 
stituent organization may be terminated by it or by the Ar , , 
¥ : _ . . member No portion of sue h funds sha " | 
ineering Council in the manner provided in the By-Laws , 
: local affiliations or state councils 


SeEcTION 2. The American Engineering Coun may rece 
administer gifts, bequests or other contributions fi rr ng 


ARTICLE IV. MANAGEMENT 
SECTION 1. Managing Body. The management of this orga tion purposes of the organization. 
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ARTICLE VII. LOCAL AFFILIATIONS 


SeEcTION 1. Object. The American Engineering Council shall en 
courage the formation of local affiliations to consider matters of local 
public welfare with which the engineering and allied technical pro 
fessions are concerned, as well as other matters of common interest 
to these professions, in order that there may be united action and that 
suggestions and advice may be offered to the Council. 

Section 2. Constitution. Each local affiliation desiring member 
ship in this organization shall submit its constitution and by-laws, 
and all subsequent amendments thereof, to the Executive Board of 
the Council for the approval of sueh portion or portions thereof as 
may affect its eligibility or its relation to the work of the Council 


ARTICLE VIII. STATE COUNCILS 


SECTION 1, Object. State councils, consisting of representatives of 
local affiliations within the state or otherwise representative of the 
inajority of engineers and members of allied technical professions in 
the siate, if members of this organization, shall consider state matters 
ot public welfare with which the engineering and allied technical pro 
fessions are concerned, as well as other matters of common interest 
to these professions, in order that there may be united action in state 
affairs. 

Section 2. Constitution. Each state council desiring membership 
in this organization shall submit its constitution and by-laws, and all 
subsequent modifications thereof, to the Executive Board of the 
American Engineering Council for the approval of such portion or 
portions thereof as may affect its eligibility or its relation to the work 

f the Council 


ARTICLE IX. DELIMITATION OF AUTHORITY 


Local organizatious and athliations, siate organizations and coun 
cils, if members of this organization, and the American Engineering 
Council shall deal with local, state, and national matters, respectively 
and shall be autonomous wich respect thereto. It shall, however, be 
the duty of the American Engineering Council to interest itself in 
the activities of loeal and regional organizations and affiliations and 
state organizations and councils if such activities are of national 
scope, or affect the general interest of the engineering and allied tech 
nical professions; provided, that nothing herein stated shall be con 
strued as preventing the discussion by any local and regional organiza 
tion and affiliation or state organization and council or by the Ameri 
can Engineering Council of any matters of interest to engineers and 
members of allied technical professions, or action by that Council on 
local or state matters where there is no local or regional organization 
or affiliation or state organization or council. 


ARTICLE X. PUBLICITY 


This organization shall stand for the principle of publicity and open 
meetings, under such provisions as may be provided in the By-Laws. 


ARTICLE XI. AMENDMENTS 


SECTION 1. An amendment to this constitution may be proposed 
by the Executive Board. 

SECTION 2. An amendment may be proposed, in writing, by at least 
twenty-five representatives on the American Engineering Council. 
Such amendment shall be considered first by the Executive Board, 
which shall report on it to the Council, approving or disapproving or 
modifying it or submitting an alternative amendment. This report 
shall be accompanied by the original proposed amendment. 

SEcTION 3. An amendment proposed as provided in Sections 1 and 
2 shall be considered at a meeting of the Council after it has been 
submitted to its members at least ninety days in advance of the meet 
ing. At such meeting, provided a majority of the representatives be 
present, the amendment may be rejected, or otherwise submitted to 
the members of the Council for letter ballot within thirty days there- 
after, with such modifications as may be adopted by a majority of 
those present. The amendment shall require a two-thirds affirmative 
vote for its adoption. 


By-Laws 


CHAPTER Il. MEMBERSHIP 


SECTION 1. Qualifications. Any society or organization of the 
engineering or allied technical professions whose chief object is the 
advancement of the knowledge and practice of engineering or the ap- 
plication of allied sciences and which is not organized for commercial 
purposes is eligible for membership. 

SECTION 2. Admission. 'The Executive Board shall submit to a 
letter ballot of the American Engineering Council, each application 
for membership made to it on a prescribed form, accompanied by a 


< 
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statement of its findings as to eligibility and the number of repre 
sentatives to which the applicant would be entitled. The applicant 
shall be admitted by a majority vote of the Council, provided, that 
not more than twenty-five per cent of the members of the Council 
shall vote in the negative. 

SecTION 3. Termination of Membership. 1. Any Member-Society 
may terminate its membership on June 30 or December 31 of any year 
after giving at least three months previous written notice to the Secre 
tary of its intention thereof, provided, however, that the financial 
obligations of such organization are discharged to the said June 30 
or December 31, respectively. 

2. On complaint brought by any three members of the Council, and 
transmitted in writing to the Secretary giving reasons why the mem 
bership of any Member-Society should be terminated, the Committee 
on Membership and Representation of the Executive Board shall in 
vestigate said complaint, inform itself of all matters pertaining there 
to, and report its tindings to the Executive Board, which may either 
dismiss the proceedings or make recommendations to the Council lhe 
Council, by a two-thirds vote of those present at a meeting, may dis 
miss the proceedings or order a letter-ballot 

3. A two-thirds affirmative vote shall terminate membership 


CHAPTER Il, MANAGEMENT 


SECTION 1 Terms of Representatives Repre sentatives on the 
Ameriean Engineering Council shall serve for two years; provided, 
that after the first election, if there is more than one representative 
from one organization, approximately one-half the number of the 
representatives shall be elected each year. 


SECTION 2.) Announcement of Representatives. Fach organization 
represented shall send to the Secretary of the Council on or before 
August 15 of each year the names of its representatives who are to 
serve for the term beginning January 1 of the following year 


SECTION 3. Votes of Representatives. Representatives on the Coun 
cil and members of the Executive Board shall each have one vote in 
meetings of these bodies. 

SECTION 4. l. Meetings At a ‘ ar meetings of the Cour 
the order of business shall be as follows 

(a) Roll call of representatives 

(6) Approval of minutes of previous meeting 
(c) Report of Secretary 

(d) Report of Treasurer 

(e) Report of President 

(f) Report of Executive Board 

(g) Report of committees 

(h) Unfinished business 

(t) Special business 

(7) New business 


2. Rules of Order. Unless otherwise provided, Robert's Rules « 
Order shall govern the proceedings of all meetings of the Council 
3. Quorum. A majority of all the representatives on the Council 


shall constitute a quorum at any of its meetings 

SECTION 5. Nomination and Election of Officers. 1. The Secretary 
shall send to each member of the Council at least ninety days in ad 
vance of the Annual Meeting, nomination blanks for offices to be filled 
at that meeting. Nominations reecived within thirty days shall be 
canvassed by the tellers appointed by the Executive Board and re 
ported by them to the Board. The Board shall place upon the ballot 
the names of the three candidates receiving the bighest number of 
votes, 

2. The Secretary shall mail to each member of the Council, at least 
thirty days before the Annual Meeting, the ballot containing the 
names of the above selected nominees for each office 

3. Ballots received before 7 a. m. of the first Cay of the Annual 
Meeting shall be canvassed by tellers appointed by the Executive 
Board, and the result shall be certified to the President of the Council 
who shall announce the result of the election at the Annual Meeting 
A plurality of votes shall elect; in case of a tie vote the Annual 
Meeting shall immediately select by ballot one of the two candidates 

SECTION 6. Duties of Officers. 1. The terms of all officers elected 
at an Annual Meeting of the Council shall commence on the adjourn 
ment of that meeting. 

2. The officers shall have the usual duties pertaining to their re 
spective: offices except as may otherwise be provided in the Constitu- 
tion and By-Laws. 

3. It shall be the duty of the President to represent the Council 
on any formal occasion. 

4. The Vice-lresidents in the order of their seniority of election 
and age shall, in the absence or disability of the President, discharge 
his duties. 

5. The Treasurer shall receive all moneys and shall deposit them 
in the name of the Council with a bank or trust company approved by 
the Executive Board. He shall invest all funds not needed for current 
disbursements as ordered by the Executive Board. He shall pay all 
bills covering expenditures authorized by the budget or the Executive 
Board, by checks countersigned by the Chairman of the Finance Com- 
mittee or some other member thereof. He shall make an annual re- 
port and such other reports as may be prescribed by the Executive 
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Board. Ile shall give a bond at the expense of the Council, in amount 
and with surety Board 

(. The Executive Officer shall be appointed and his compensatiot 
fixed annually by the Executive Board and he shall hold office durit 
its pleasure Ile shall be the Secretary of the Council and of its 
ixecutive 


satisfactory to the Executive 











Board. He shall manage the business of the Council unde1 
the direction of the Exeeutive Board and shall perform such duties as 
iv te ssigned to him by the Council or the Executive Board ae 
hall be the istodian of the property of the Council Ih i 
all moneys due the Council and transfer them to the custody of the 
‘Treasurer Ile shall scrutinize all expenditures and use his best 
deavors to secure economy in the administration of the busin rf 
I (* | i Shall eertit t he accuracy ill 
n lich mor S be aid He shall gis i bond at exper 
th Counci in amount and with surety satisfa ory ft ! bk rd 
Ths , i h irrent expenses of the office, and for this purpos 
! shall have at his disposal a suitable um Of mone » tne ed 
the Board, which amount shall be periodically replenished under the 
hori of the Finar Committe pon ft presentation ¢ in 
! bursemet in the form required by i Ile sh ii! 
he M ber-S« t bills for their annual contril 
r t t egvinning « tl scal vear He shall per 
luties m ti be assigned to him } he ¢ 
| Board 
SECTION 7 S i of Earecutive Board. 1. The Seeretar i 
t executive Board, at its September meeting ( 
NI ~ , j re nding with their respect 1" " 
a et I itive Board shall thereupon determine 
ber het t ensuing administration year to be s 
i ties ind | the representat ea of 1+} ] tat and 
gior ! t ind ition i rrovided it ( 
t e tl t indarie ot he distr ! 
i] ite, and region 
ft! tv 
2 s ithin tw vee} " } Ss, ‘ 9 
t i t Board, sl mail t} rr ‘ it ‘ Mi 
si ‘ his repor ont I ‘ ! ind a 
13 s t tl bers the B 
1 My t ] Board presenting 1 t 
ha hve ! the id ¢ ! : t 
‘ ) shall be ady i ! 
” Mi ! Iix tive Board representing 
region rear i ns and affiliations sha be nominated i ected 
t! ral districts by the representat " 
I ( 1 meeting duly called for the purpose ! le 
hree ! i resentatives f snid district are 
ed Select shall be reported to the Secretary 
SECTION S ittendance at Meetinas If anv member of the Exe 
ive Boa in\ of its shall fail ft ittend 
ng iid Board ! 1 period « five ‘ ive 
montt ! ling Jul he shall cease to be a men 
ero 1 Ex itive Board or committee The vacancy thus created 
shall be filled as provided for in the Constitution in Article V. on 
Inex 1 Terms 
SECTION 0 Duties of Executive Board 1. The Executive Board 
shall organize within thirty days after the adjournment of the Ar 
nual Meeting of the Council 
ome ill hold regular monthly meetings except during July and 
\1 Regular meetings shall be held on the second Monday of 
ch month exeept that a regular monthly meeting shall be held ir 















eon! tion with the meeting of the Council 
S| il meetings iv be illed at the retior he Presi 

lent and all bye ulled at the writter est of five members of 
he Executive Board 

t. The Secretary shall mail the notices of each regular meeting 
it least fifteen days in advance thereof and shall mail notices of e: h 
special 1 ng, stating ifs purpose, at least ten davs or shall tel 
graph them at least six days in advance, to each member of the 
Board No business other than that for which it has been ealled 
hall be transacted at a special meeti 


» A quorum for all meetings of the Ex 
teen members 

6. The 
all special 
The membership of 
bership of the Council or of the 
7. The Exes shall, whenever practicable, 
ie whole or a part of the expenses of members or of 
attending its own meetings and those of the Council. 

SECTION 10. Committees. The following com- 
nittees shall be appointed from the membership of the Board an 
nually by the incoming President with the approval of the Executive 
Board, each member ti 
pointed 


tive Board shall be fif 


Board 


committees of the 


Executive unless otherwise 


shall 

Executive 
drawn from th: 
Member Societies. 


prov ided., 
Council and of the 
such committees mav be 


appoint 
Board 

mem 
utive Board provide for 
tl representatives 


Appointment of 


serve one year or until his successor is ap- 
(a) On Procedure 

(6b) On Constitution and By-Laws 

(e) On Publicity and Publications 
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id) On Membership and Representation 
(e) On Finance 
(f) On Publie Affairs 
SECTION 11 Duties of Comn s. 1. The Cor 1 Proce 
re shall act for the | it Board in e interim b e i 
ing md shall perfor I luties a ivy | issigned 
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y he ¢ tee on ¢ nd KBy-La i I , I 
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I} ( i n Dub ul Publica s sl ! 
eq d, prepare all publ t e 
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ae ( tee on Meml » and Rept tation sh eport 
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CHAPTER I\ PUBLICITY 

SECTION 1 Che privileg i ndan i i ie t 

\ in Keng ering Coun he Executive Board, and Con 
ees, whet t in executive session, shall be extended to any 
proper person, but this privilege does not include the right to speak 

r vote. Ar proper person shall have the right to inspect and make 
true copies of the official records of all meetings of the Cour the 
Executive Board, and Committe: 

SECTION, 2 The Committes n Pul it nd Publication may 
employ a Publicity Secretary whose duty under the direct of the 
Executive Board, shall be to prepare and supply to the engineering 
technical, and general press information concerning The Federated 
American Engineering Societies, or the engineerir l 


g world, and t 


operate with the editors of engineering and technical publications it 
disseminating information in re rganization and its activ 
ities 


This Committee may appoint a codperating board of engineer 


ing editors to counse ind assis n any or a f its activ 
CHAPTER \ AMENDMENTS 

SECTION 1 An amendment to these By-Laws may be pr sed by 
1 representative on the American Engineering Council or by a mem 
ber of the Board The Executive Board shall « 
ill proposed amendments and mail a copy of such 
gether with its report thereon to each representative on the ¢ 
at least.sixty days prior to the date of a regular meetir 

SECTION 2 These By-Laws may be amended by an 
two-thirds vote of all representatives on the 


Executive 
amendments to 


‘ouncil 


iffirmative 
Council present at a reg 
, 


ular meeting thereof, 
have 


provided, that the 
been mailed to each 


vance ot 


amendment shall 


thirty 


proposed 


representative at least days in ad 
such meeting. 
Sections 2, 4 


SECTION 3. (paragraph 1), 5, 6 (paragraphs 3, 4. 
>» and 6), 7, and 10, of Chapter II, of these By-Laws, and any By 
Law adopted subsequent to may be 
a vote of three-fourths of th: 

any regular meeting: 

have been presented in 


imended by 
Board at 
amendment 
regular meeting of the 
the Council at least 


members of the Executive 
provided, that the proposed 
writing at a 
and transmitted to each member « 
previous to the pe 


shall 
Board, 
thirty 


day Ss 


date of its adoptior 
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Engineering and Industrial Standardization 


A Review of Standardization Work Now in Progress, Both in This Country and Abroad, as 
Reported by the American Enginecring Standards Committee 
and Foreign Standardizing Bodies 


STANDARDIZATION in all its various phases is now re- 
ceiving, both in this country and abroad, the closest study, 
and through the cooperative efforts of engineering societies and 
associations is rapidly being brought to the point where dupl 
cation of effort and the promulgation of conflieting standards 
will be largely avoided. 
The American Engineering Standards Committee which is di 
recting the standardization work in the United States is now 
ed with the development of a great variety of standards 


lor engineering 


and industry. The history of the committee 
will be found in MrecHANICAL ENGINEERING for July 1919 (p. 
638), and it is thus sufficient to state at this time that while 
the orginal committee was composed only oft representatives 
of the American Society of Civil Engineers, the American In 
stitute otf Mining Engineers, the American Institute of Elee 
trical Engineers, The American Society of Mechanical Engineers, 
the American Society for Testing Materials, and the Government 
departments of War, Navy, and Commerce. Later the constitution 
was changed so as to permit of the election to membership o 
other bodies interested and taking part in standardization work. 
Under this revised constitution five additional bodies have beer 
admitted, thus making a total of 13 organizations now participat 
ing in the work of the Committee. These are: 

1 Fire-Protection Group, composed of 

National Fire Protection Association 

National Board ot Fire Underwriters 

Associated Factory Mutual Fire Insurance Companies 
2 National Electric Light Association 
3 National Safety Couneil 
t Society of Automotive Engineers 
5 Electrical Manutacturers’ Couneil, composed ot 
Kleetrie Power Club 
Associated Manufacturers of Electrical Supplies 
Kleetrical Manufacturers’ Club 


STANDARDIZATION WorRK IN THE UNITED STATES 


By the creation of the American Engineering Standards Com 
mittee the joint action of the above-mentioned organizations along 
the lines of standardization has been greatly facilitated and 
the formulation of standards in many fields has been made pos 
sible. Under its rules the Committee selects the sponsor or joint 
sponsors tor a given standard, who in turn organize the See 
tional Committee which develops the standard. For example, 
The American Society of Mechanical Engineers and the Amer 
lan Gas Association were selected as sponsors tor the stan 


Another society, The American 


dardization of pipe threads. 
Society for Testing Materials, was made sponsor for standards 
dealing with tests for portland cement and specifications for 
fire tests for materials and construction. 

This spring the Sectional Committee on Structural Shapes 
for Ships was orgamized by the American Steel Manufacturers, 
The Ametican Society of Mechanical Engineers and the Amer- 
leall Society of Naval Architects and Marine Engineers acting as 
sponsors. The American Bureau of Shipping and the United 
States Navy are also represented on this Sectional Committee and 
real progress has been made, 

Another subject receiving the attention of the Committee is 
that of the standardization of shafting. The American So 
miety ot Mechanical Engineers has been asked to become spon 
sor for this work sinee the Society has already done a consid 
erable amount of work on a set of standard diameters for trans 
mission and machinery shafting. It is proposed that the work 
when carried on by the Sectional Committee shall be broad- 
ened to include the standardization of the method of determ- 
ining what diameters of transmission sbafting should be used 


for given loads, the dimensions of shafting keys and keyways, 


and the setting ol dimensional tolerances. 
COOPERATION WITH ‘FOREIGN COUNTRIES 


The American Engineering Standards Committee is also seek 
ing to cooperate with similar organizations in Great britain, 
France, Switzerland, Belgium and Holland. The Swiss, for ex 
ample, have requested cooperation on Standards for Ball Bear 
ings, and the formation of a Sectional Committee is now under 


wav. Sectional Committees tor Serew Threads and Cylindn 


eal Limit Gages have also been tormed. These Committees wal 
act In coopel itior with British Committees ce ne witli the 
same subject although so far as serew threads are concerned 
the American Engineering Standards Comuuttee has a satistac 


tory understanding with National Screw Thread Commission, an 
abstract of whose latest report was published 
p. 337 The British have a asked 
for codperation on Standards for Gears, and The American S« 


ciety of Mechanical Engineers and the American Gear Manu 
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facturers Association have accepted sponsorship for this work 

Another request has come trom The Swiss Standards Asso 
ciation, who have addressed a communication to the American 
Engineering Standards Committee, proposing the international 
standardization of the widths aeross flats on nuts and bolt heads. 
SOmm. 


The proposal covers the range ol in. (Omm.) to 3 In 


diameter of bolts. The numeral values proposed are a com 


promise between the United States Standard, ihe 


Whitworth, and the metric “Systeme Internationale.” 


STANDARDIZATION ORGANIZATIONS ABROAD 


; 


In the accomplishment ot such international standardization 


as is mentioned above foreign standardizing bodies will play an 
important part, and in order that the Amenean Engineering 
Standards Committee might intelligently work with these 

eign associations, its Seeretarv, Dr. Paul G. Agnew, during a 
recent trip to England and the continent secured information 
regarding the attitude of European countries toward international 


means they possessed for bringing it to 


standardization and the 
pass. In lis report of his trip Dr. Agnew described the torms 


of standardizing organizations existing in Belgium, France, the 
Netherlands and England. Briet abstracts of these descriptions 
follow. 


ASSOCIATION BELGE DE STANDARDISATION 


This association was organized and began work in I10 It was 
organized by the Comité Central Industriel de Belgiim with the 


support of the national engineering societies and industrial as- 
sociations. The Comité Central, upon which SO) associations are 


ganization which is playing an important 
Pelgian industry. 


represented, is a strong 
role in the reconstructio: 

There are S7 members of the main committee, 4. representing 
the Comité Central, 13 representing the national engineeriag so 
cieties, and 20> representing various industrial associations. The 
latter cover a wide field, among them being the chemical, paper 
and cotton industries. The government is not represented on the 
main committee, but is represented on the working committees 

The Belgian association has no arrangement corresponding to 
sponsorships, the actual standardization being carried out under the 
general direction of the main committee, and the detailed admin 
istration is handled by the central office. Members of the work 
Ing committees represent the organizations interested in the par 
ticular subject in hand, and are named by the organizations. The 
usual size of these committees is from 10 to 15, 

Owing to the industrial position of Belgium, and its commer- 
cial relations to other countries, they are planning to make, and 
in their work so far have made, extensive use of the standardization 
work of other countries, making such modifications as will adapt it 
to their needs. Comprised in the work already carried out are a 
standard series of bolts and rivets. Work now in hand ineludes 
reinforced concrete, mechanical power transmission (pulleys, bear- 
ings, etc.), Wwater-pipe fittings, specifications for steel bridges, eco 
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nomics in coal consumption, and steel sections. The secretary of 1918, and the name hanged to Association. The general dire 
the Association is M. Gustave Gerard. tion of aifairs is in the hands of the Main Committee, which ¢ 
stitutes the sole executive authorit There 24 I 1) 
COMMISSION PERMANENT DE STANDARDISATION (FRANC vhor nted the technical socrethe inne e 1 a 
The French Commission differs from other national standard - — chosen by the pointed Memoes ue ome * ee 
izing bodies in that it is strictly an official organization, and sup oS ish Ine ce 
ported wholly by government funds. It was established | decree section ll committees a ! | r th } k 
of the Preside of the Republic in June 1918 It ached to different ibyje W .— wee om ae ’ 
the Ministry « Commerce, Industry, Posts and Telegray Ma — maitvees : rita ee steegetiy, — oo ‘ see 
time Transport and the Merchant Marine. The Com elf, Smaller suv a een oe, ae paca por 
which orl ! ' ‘ 1 function ‘ r Main ¢ tte committees, or briet paneis, | : . ; : 
<4 ers, 9 representing various governmer mmittee. Ms ‘il | 1 , 
ms ad eg ‘ let Soles ok te ures 0 ‘ ‘ +} aa) t I 
' rt mdustria | | Othe | o u 
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the ediat l soa i g ! x deal o } re sitv o ernational rr ! ! 
! ‘ ! 7 rete lorn 
\ ‘ ipele n rmati is s aft er neering result he write \ ‘ ! ‘ 
I nt ‘ t! ’ < s neil rit standardization \l 
elabora rele vate ' 1 nl formally published nd ] y\ he Swe nh orgat n tha re should be }’ 
‘ I ’ i PUDTISTies sta ards 
but a ent il art es bearing ! subjects in which standardi eation i which the work of the provects under wa ‘ I 
Za rk is going on, or in which it is considered likel ha ent organizations could be abstractec in the co nent en 
, be undertaker Mii » Tivmans is the secretar } ] 
4 : a : heen some GISCUSSIO! ol the caesirabihity ol ‘ ntel 
The offi prepares the material for all committee meetings In ’ 
hia » a new subject. for example. al wwailable standards nd national oreanization, modeled somewhat after the 1 or 
proposals, both in Ilolland and in other countries, are shown in ganizations. Wlnle some steps have been taken in tl ; 
comparative abular or graphic form Bu the fice goes farther tion. there seems to be a reneral opinion that su ! 
and draws > What may seen fo if as - “ le proposal for | ble 
J ' I is a reasonable proposal for zation would be unwieldy and liable to fall of its ov i 
the consideration of the committe: (ot course, the office has no rr | 
: } ne ress * this ie is at at ‘ \¢ n : 
Gates im cactalane ant ts eet te ittempt. to influenc ry eee Che reason for hi view 1 that in most, 1 mn ir i ‘ rie 
The forn publication is unique Standards are issued as sin national standardizing organizations are not yet sufficiently de 
or] ets perior ( r xz ] af i T 1 { I] 
gle she . perforated for binding in loose-leaf folders The es veloped, and industry itself is not sufficiently well organize 
sential information is given in compact form, any necessary ex 


planatory notes being given on the back 
style is that of a 


f 


of the sheet The 
working drawing, and the 
be issued directly to 


to permit of a general international engi 
hall ganization. A much less formal approach to the prob! 

shail 

the draughtsman in the plant. They are litho sisting merely of an intormal secretaries 0! 
graphed from drawings, and printed on special paper that 
not soil The price is 15 Dutch cents ($0.06) 
sheets are being issued at the rate 


neering standara 
general 
idea is that they 7 
conterence of the 
does the various national 
per sheet. New 


organizations, seems tf 
; siderable diseussion. This last 
of about one per weer k. 


LO have recelved 
was favorably considered 
meeting of the Main Committee of the British Association, and 
it is probable that informal inquiries will be addressed to thé 
was organized in Yarious national bodies to 
incorporated in 


BRITISH ENGINEERING STANDARDS ASSOCIATION 


Standards Committee 
technical societies. It was 


The British Engineering determine what their attitude 
1901 by five leading 


might 
be toward such an undertaking.” 














NEWS OF THE ENGINEERING SOCIETIES 


American Drop Forge Association and American Society 


Meetings 


American Drop Forge Association 
T ECHNICAL papers on accident prevention, standardization, 
company stores, pulverized coal and the lubrication of the 
steam drop hammer, were presented at the annual meeting of thi 
American Drop Forge Association, held at Atlantie City, N. J., 
June 17, 18 and 19. 

Accident prevention with special reference to forge shops was 
diseussed by G. A. Kuechenmeister, Dominion Forge and Stamp 
ing Co., Walkerville, Ont., treadle 
guards in use by the Dominion eompany, explaining how the 


who deseribed seale and 
use of a sweat pad in connection with goggles had been a tac 


tor in getting the goggles used, and outlined means for stimu 
lating the interest and enlisting the cooperation of all employees 
in safety work. 

A paper on 
C. B. 


chairman of the 


the standardization ot die blocks 
Porter, president of the Sizer Forge Co., 


was read by 
Butfalo, 


Forgemen’s Ex 


ana 
standardization committee of 
change. Standardization of sizes of blocks into the fewest num 
ber of sections and lengths, he explained, would facilitate prompt 
than any 


would allow 


orders from several customers to be combined and made in lots. 


deliveries more other tactor, because it 
Ile suggested that the users make up a list of standard sections 
with a few standard lengths for each section. The maker could 
then easily determine the percentage of replacements that usual 
ly oceur in each grade and size of block and could add the proper 
number of stock order blocks to each lot order to compensate 
for any rejections, and any spares that would thus be made in 
excess of the order could be immediately applied to future loss. 
The sizes of blocks, steel in blocks, method of forging, anneal 
ing and hardening treatment, were also taken up in detail by 
Mr. Porter. 

The operation ol] 


Hard 


month a 


the stores department of Cleveland 


ware Co. was described by Edgar EK. Adams. Every 


statement is rendered to each foreman showing how much in 
dollars the supplies used in his department have cost. When 
this policy was first established it bad little effect, but soon 


the different foremen began to compare amounts they were pay 
began to be 


cut down fully 50 per cent. 


ing for supplies and a saving noticed. In time 
the expense of shop supplies was 

C. F. Herington, Bonnot Co., Canton, Ohio, quoted compara 
tive cost figures of burning oil fuel and pulverized coal. One 
company operating ten stills has been spending $18,000 per 
month for fuel oil. They are about to install a pulverized-coal 
plant and expect to make with it a saving of $130,000 per year 
The cost of the plant completely erected is to be $85,000, so that 
they will save that cost in about nine months. 

Answering an inquiry as to what the minimum daily con 
sumption of fuel oil would be that it would pay to convert to 
pulverized coal, Mr. Herington said that about 3000 gal. In 
such ease, he added, with present prices of oil, the pulverized 
coal plant would pay for itself in less than a year. 

The problem of supplying the proper amount of lubricant to 
the steam drop hammer was discussed by Harry Johnson, In- 
galls-Shepard Forging Co., Harvey, Ill. The attained 
with any lubricating system in connection with steam cylinders, 
he remarked, depends on the layout of the steam line and the 
method employed in draining. In a test conducted on a 12,000 
lb. steam drop hammer with the object of obtaining an oil that 
would lubricate it economically and would leave exhaust steam 
sufficiently clean for heating purposes, best results were obtained 
with a product composed of a full filtered eylinder stock com- 
pounded with an acidless tallow oil. 


success 


An arrangement of a 2-qt. four-feed motor-driven mechanical 
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lubricator used for supplying this oil was 


deseribed by Mr. 
Johnson, The oil was discharged into the steam through a siphon 
atomizer. One drop of oil per minute was supphed for each 
wearing surface involved in the cireular area of the 
that 


through the piston-rod packing. 


2 sq. tt. of 


evlinder and in portion of the piston rod that 


passe ‘ 


Materials 

The annual meeting of the American Society for Testing Ma 
held at Park, N. J., on 
committee on steel, A-1, proposed new 


American Society for Testing 


terials was Asbury June 22-25. The 


tentative 


spec ineations 


for commercial bar steels, covering ordinary commercial carbon 


bar steels, rounds, squares and hexagons of all sizes, and flats 
not over 6 in. wide and hot-rolled or cold-finished The classi 
fication is as follows: 
GRADES AND CHEMICAL COMPOSITION OF BAR STEELS 
Ca Ma 2 | . 
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At the 


the note 


1919 


which had 


cormmmittes A l, 


specifications by 


recommendation ot 


added to $33 


meeting, DN 
been action 
of the Soeiety in 1918, raising the rejection limits for sulphur 
in all steels and for phosphorus in acid steels 0.01 per cent 
above the values given in the specifications, was removed from 
29 of those specifications, and with respect to the remaining 14 
until 
open con 
that the re 
1921. 


The other recommendations of the committee were largely revi 


specifications consideration of the removal was deferred 


1920. 


obtain, the 


the meeting in Acting on at that 
still 


moval of the note be 


agreement 


ditions committee recommended 


again deterred until the meecing of 
sions to established and tentative specifications. 

Among the technical papers were those dealing with the fol- 
lowing subjects: A new method for testing galvanized coatings 
offered by Dr. Allerton S. Cushman, president Institute of In 
dustrial Research, Washington; a description of th 


processes 
of manufacture, heat treatment and physical properties of large 
power-forged chain as made at the Boston Navy Yard, present 
ed by Carlton G. Lutts, physical metallurigist of the hull di 
vision at the Boston vard; suggestions for more intensive in 
vestigations in delimiting the seope and kind of application for 
the various materials of engineering, contained in President JJ. 
brief for molybdenum as an al 
loying element in structural steel, presented by G. W. Sargent, 
and a discussion on so-called shattered zones in steel rails by 
Dr. J. E. Howard, engineer-physicist Interstate Commerce Com 
mission, Washington. 


A. Clapp’s address; a 


strong 
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The Society of Automotive Engineers held its semi-annual con 

at Ottawa Beach, Mich. 

Dr. W. S. 


Standards on 


vention on June 21 25 
At the fuel 
of the Bureau of experiments 


The program of the work, which was undertaken by the Bureau 


session James presented the findings 


intake-manifold 


at the request of the committee of the society on utilization of 


fuels in engines, ineluded 


measurements ¢ 
both steady 


present present rt en 
gine pertormance under conditions of 
different 


charge secured by three different methods : 


running and 


rapid acceleration with temperatures of the intake 
the hot 
supplying heated air to the carburetor; ()) the uniformly 
Fuel 


ope ratior 


(a) air stove 
heated 
intake manifold; and (c) the “hot-spot” manifold. 

both and full-throttle 


The engine which was used was of modern si 


econo 


my was determined for part 


evlinde r automohile 


design. 


A preliminary series of runs was made with an intake man 


fold havi yr the tee seetion ot Pyrex class and motio pieture 


were taken of the phenomena observed. In but one of the 


the inside walls were completely dry, and this condition was at 


tained only with great diffieulty by the direct application of thi 


flames trom two blazing torches to the The greatest 


the 


gla s Tet 


amount ot liquid Was present in fold at 650 1 


an }>.1n int 
full throttle, the laver being at least 1-16 in. deep in some places 
The liquid collected mainly on the lowe side of the mar 
hetween the tee and the intake parts 
The main series of runs was made with an exhaust-jacketed 


intake manifold eonducted at 


Fuel consumption tests were 


full and half load at speeds of 650 and 1200 r.p.m. These « 
ditions were selected as eovering the range of average drivun 
from 15 to 25 m.p.| Acceleration runs were made tor whiel 
a dynamometer load was selected to correspond with that 

ear at about 45 m.p.h. with full throttle The results thus far 
obtained were summarized by Mr. James as follows 


1 At constant 


imption 


speed, mixture ratio, and power outputs, thi 


In pounds per brake horsepy wer-hour is inde 


pendent of the temperatures and methods of heating the intake 
charge within the range tested 

2 Til rate at which an engine will accelerate wit! 
mixture ratio, or carburetor getting, is markedly affected by the 
amount of heat s ipphied and its method ot applhicat 0 Wit! 
the limits of this work the greater the amount of heat supplied 
to the charge and the higher its temperature at the intal ! 


the more rapidly the will accelerate 


was ©. H 


engine 
Another speaker at the fuel 


sess1on 


dent Ensig Carburetor Co.. Angeles, Cal... who deseribed 


tor the 
d was designed to handle 
distillate, 


carburetor that has 
Pacitic 


ot petroleum 


been in use last five vears on tli 


(oast, al an intermediate grade 
distillate, 
vel icles, 7 


the 


a whirling mass. 


known as 


engine which ha 


there been supplied to users of motor principle 


involved 


that 


for metering the tuel 
the 


a special chamber at the center of 


and air is drop in 
The 


which 


press ine 
oeceurs at eenter oft suction a 
whirls in terminates 


a pipe eonnecting with a cylinder provided with small orifices 
and surrounded by the fuel. The decrease in pressure or suc- 
tion at the center of the whirl draws fuel through the various 


passages into the whirl chamber where it thoroughly mixes with 
rotating air. The device, Mr. Ensign explained, is permanent in 
its performance and high in fuel economy. 

A symposium on engine design was also presented at the fuel 
Notes on the Use 
of Heavy Fuel in Automotive Engines, by H. M. Crane; Engine 
Design for Maximum Power and Economy of Fuel, by C. A 
Norman; Saving Fuel with the Carburetor, by W. E. Lay; 
Some of the Factors Involved in Fuel Utilization, by P. S. Tice 

That farming offers a field for engineering re- 
search was emphasized by the speakers at the farm-power ses 
sion. QO. B, Zimmerman read a paper entitled Analysis of Fun 
damental Factors Affecting Tractor Design. The paper deali 
‘hiefly with the effect of grade upon speed and drawbar pull 
Num 


session. 


It consisted of the following papers: 


and 


power wide 


ind the effect of rolling resistance upon tractor output. 
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erous graphs were included to show the variation of some of 
the factors with others. Referring to the amount of interesting 
reliable research work that can be done with advantage in the 
tractor and plow industry, Mr. Zimmerman said 

When it is realized what the actual expenditure of energ eac) 
ear on the United States farms really is and that the majority 
of it can be done by mechanical power: that a very large i it 
can be performed b a properly designed tractor and that estimates 
of this energy expenditure show it in actual horsepower to y 
er in quantity than all other energy expenditures of industry in the 
United States, including mines, manufacturing, lighting, ete... we must 


admit that every 


available resource of engineering skill and scientific 


research must be expended and quickly, to raise the tractor and imple 
ment industry to one where the most exact and careful design will be 
evident from every possible economic standpoint Basic data must be 


established along man lines; special test equipment and apparatus 


pa 1 
must he designed and built; whole series riments 
carried out at various seasons and in different s thes atte! 
must be studied in various conditions of moisture content plow 
and engine design features must be shifted and standards adopted 
toward which the whole industr 1 ther De enabler 
arly sensible economic solutions i the genera nterest na 
tion as a whole 

here were two other professional sessions, on production and 


on transportation Some of the papers read at these sessions 
were Production Control and Systems of Accounting, by A 
( Drets; The Workman, an Element in Production, by A. F 


Knobloch; Interdepartmental Production Contests, by R. R. Pot 
ter; Motor-Bus Transportation, by G. A 
lat f Motor Transport 


ation 0 
Col. B. F 


(Freer . and 


the Corps to 


Commerceia rar 


Miller, M. T. C., U. S. A 


portation, hy 


ALLOY STEELS IN THE AUTOMOTIVE 
INDUSTRY 


( from pa ar 
It will be noted that this particular test the cast cutter, 
while run at a slightly lower speed than the standard cutter (93 
ft. per min. vs. 109 ft. per min.) took a more severe eut. It eut 
TABLE 9 CUTTING TES iF CAST HIGH-SPEED STEEL MILLING 
CUTTEI 
Material | S , , ; 
{ _ 
] ( 
g ( 
( 
A high ’ i 1 4 « 
s ‘ ‘ ght g x ‘ 
tle ry 5 
| } 20 (; 
09 00 g Good 
a 6a ( ( r beg F 
4 i wea x aT 
Millings t 
at 
4 in. at 0.69 in. per min. before failure, whereas the standard 


cutter failed after eutting 1.5 in. 
min. 


at a lower feed of 0.69 in. per 


Attention is invited to the fact that this test is not presented as 
being conclusive evidence that east high speed steel cutters are 
either superior or inferior to tools produced from bars or forgings 
but is of interest chiefly in showing 


the refractory nature of th 
carbides in cast high-speed steel. It indicates that ordinary heat 
treatment is not sufficient to bring these carbides into solution, 
and further that good service may be obtained. 


Probably such 
tools may be applied to special lines of work. 
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LIBRARY NOTES AND BOOK REVIEWS 


APPLIED AERODYNAMICS By G. BP. Thomsen. The Norman W. 
Henley Publishing Co. Cloth, 7 x 10 in., 202 pp., illus., charts, 
diagrams, plates, $12.50 

This book is the work of a former officer in the Royal Air 
Force, who, during the War, was in touch with both the de- 
mands from the Front and the attempts made to fulfil those de 
mands from home sourees. The results presented are drawn 
from data accumulated during the War, some ot which has been 
or will be published in the Reports of the Advisory Committee 
for Aeronautics, and the author has also had free aecess to the 
staff and records of the Aircraft Manutacturing Company. The 
work is concerned only indirectly with the mechanical side of 
aircraft design, but it specializes upon aerodynamics as a braneh 
of engineering, though an aecount is also given of such progress 
as has been made on this side of physics from an engineer's 
point of view. 

A number of suggestions for further inquiry and research ar 
made, such as the problems relating to the interaction ot aero 
plane fuselages, nacelles and the airserews attached to them. 
The importa ee of ftull-seale work is emphasized, and the prob 
lem of stability is dealt with at length. The question of how 
heavily the wings of an aeroplane should be loaded is discussed 
and the subject of abnormally large aeroplanes is also taken 
up. The information given was up-to-date at the time ot writ 


t 


ing and pains have been taken to point out the cases in whi 


there was any considerable probability of error. 

THe Coat CaTaLog, combined with Coal Field Directory for the 
year 1920. Containing Explanatory Articles on Rank, Usage, 
(Analysis, Geology, Storage and Preparation of Coals. Compiled 

i] published annually by Keystone Consolidated Publishing 
Company, Pittsburgh. Cloth, 9 x 12 in., 1155 pp., illus., maps, 
tables, S10. 

The second edition of the Coal Catalog, in addition to deserib 
ing and listing the coal mines of the United States, with the out 
put and operating companies, has added much new data such 
as the fusion points of ash from the various coals, the specifie 
eravities and weights of coals and the so-called “ fuel ratios.” 


] ¢ 


A list of national and loeal associations is included as well as 
the wholesale dealers in the larger towns and cities. A Diree 
torv section follows each state. 

Dirnect-CURRENT MoToR AND GENERATOR TROUBLES, Operation and 
Repair. By Theodore S. Gandy and Elmer C. Schacht lirst 
edition. McGraw-Hill Book Co., Ine... New York, 1920. Cloth, 
6 x 8S in., 274 pp., illus., tables, $2.50. 

The chief object of this book is to give simple, effective 
methods for finding and remedying troubles of direct-current 
motors and generators. In addition, the selection, operation, 
care and repair of direct-current machinery are analyzed from 
the operator’s point of view. The theory underlying the design 
of these machines is omitted, as the book is intended for oper- 
ators, not for designers. 

DRAINAGE ENGINEERING. By Daniel William Murphy. First edition. 
McGraw-Hill Book Co., Ine., New York, 1920. Cloth, 6 x 9 in., 
178 pp., illus., plates, tables, $2.50. 


This is a general treatise on the drainage of agricultural 
lands, which indicates the various questions to be considered in 
connection with a drainage project, and presents the principles 
involved in the design and construction of drainage works. The 
author was formerly a drainage engineer in the U. S. Reclama- 
tion Service. 


I,NGINEERING FOR LAND DRAINAGE. A Manual for the Reclamation 
of Lands Injured by Water. By Charles Gleason Elliott. Third 
edition, revised, John Wiley & Sons, Inc., New York, 1919. 
Cloth, 5 x 8 in., 363 pp., illus., maps, tables, $2.50. 

This book is prepared to present the essential features of 
drainage engineering as practiced in this country today and is 
adapted to the use of professional engineers and students. This 
edition has been revised and enlarged. The discussion of the 
hydraulics of flow has been rewritten and new tables for the 
discharge of tile drains are given. A diagram to facilitate the 


use of Kiitter’s formula in the design of ditches and canals has 

been added, as well as new material. 

Dit MAGNETISCHE INDUKTION IN) GESCHLOSSENEN SPULEN Ly 
Arthur Scherbius. R. Oldenbourg, Miinichen & Berlin, 101%. 
Paper, 7 x 10 in., 11 pp.. illus., 7 marks 


This monograph treats ot the possibilities, hoth theoretical 
and technical, of phase transformation by transformers and ma- 
chines without commutators. The author diseusses these possi 
bilities with special reference to the limits within which tech- 
nical appheations may be possible and gives particular atten 
tion to the saturated transtormer. 

MANUAL FOR THE OIL AND GAS INDUSTRY under the Revenue Act 
of 1918. By Ralph Arnold, J. LL. Darnell and others John 
Wiley & Sons, In New. York. 19820. Cloth, 6 x 9 in., 190 pp., 
charts, tables, S2.50, 

This manual was first issued in 1919 as a bulletin by the Oil 
and Gas Seetion of the Bureau of Internal Revenue. The de 
mand having exeeeded the supply, this private reprint, in whiel 
certain features have been brought up to date, 1s published, 

The book is intended to assist the taxpaver of the oil and ga 


industry in preparing his Federal tax returns correctly and « 


peditiously. It is divided into” three parts. Part one deals 
directly with the law and regulations, part two with deprecia 
tion, while part three deseribes methods of estimatu cr inder 
geround reserves, especially by means of production curves, a 
collection ol W ‘ l ile included 


A METALLOGRAPHIC Strupy ON TUNGSTEN STEELS By Axel Hult 
gren John Wiley & Sons, Ine., New York, 1900. Cloth, 6 x 9 


n., {> pp s.. 43 plates, tables, $3.00, 
As the question of tungsten steels has been studied by sev 
eral investigators whose views have not always agreed, it is thi 


purpose of this work to bring about a clearer understanding by 


presenting certain new tacts and problems and by critically ex 


amining previous results and opinions. The subjeet is divided 
into two sections: (1) The transformations of tungsten ste 
during different heat treatments: and the = struetures thereby 
tormed: Z Carbides in tungsten steels. Kach seetion conta 
a review of the results and opinions of previous investigator 
and the author's own results and conclusions, based on his metal 
lographie investigations at the Institute of Technology of Char 
lottenburg, the Roval Institute for Testing Materials, Stockholm, 
and in the Laboratory of the SKF Ball Bearing Co., Gothe: 
burg, Sweden. The paper was written in Swedish in 1918. In 
its present form it includes a translation of the Swedish paper 
as well as an appendix containing a critical review of the inves 


tigations on tungsten steels of Honda and Murakami. 


PoruLarR OIL GroLtocy. By Victor Ziegler. Seeond edition. John 


Wiley & Sons, Inc., New York, 1920, Flexible cloth, 5 x 7 in. 
171 pp.. illus., chart, maps, tables, $3. 

The second edition ot this work on oil geology has been par 
tially rewritten and new material along the more theoretical lines 
of geology has been added. The principles important in the 
examination of prospective oil land have been emphasized and 
the work of the oil geologist deseribed in some detail. The work 
is intended to make intelligible to the layman the fundamental 
principles of oil geology and is written in as clear and simpk 
language as possible. 


PRACTICAL CHEMISTRY. Fundamental Facts and Applications t 
Modern Life. By N. Henry Black and James Bryant Conant. 
Macmillan Co., New York, 1920. Cloth, 5 x 8 in., 474 pp., illus., 
plates, $2. 

It is the purpose of this book to present the fundamental 
facts of chemistry and to show by the application of those 
facts to experiences of everyday life that the subject is real 
and practical. The economic significance of chemistry of growing 
allied industries has been stressed and the chemistry of growing 
things has also been considered. Only such topics have been 
included as young people can grasp and find useful. The book 
is adapted for class use as a textbook. 
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